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NEXT MONTH 


A BIKE COMPUTER! 


What with Middle-East oil crises and 
increasing green and health issues, it's not 
surprising many people are buying push- 
bikes. We're featuring next month an ileal 
constructional project for anyone who 
wants to know the facts and figures of 
their pedalling — a btke computer. It's 
simple to build and is microprocessor 
controlled, It uses an alphanumeric Icd to 
display at the touch of a keypad numerous 
parameters: current speed: distance 
travelled since start of trip; peak speed 
reached; average speed; time since start of 
trip in hours, mins and seconds, and in 
decimal hours; total distance travelled 
since computer first installed; number of 
wheel revs since trip. And there is a key- 
pad controlled coded security alarm 
option. All speeds and distances are 
expressed in both mph and kph. Suitable 
for bikes (and other vehicles) of any 
wheel diameter. 


* THOUSANDS OF YOU WILL 
WANT TO BUILD ONE 


* SO DON'T MISS YOUR COPY 
OF OUR NOVEMBER 1990 ISSUE 


* ON SALE FROM FRIDAY 
OCTOBER 5TH 


PE TAKES TECHNOLOGY 
FURTHER — 
BE PART OF IT! 
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QUILLER METERS 


S ix new multimeters have been 
introduced by British company 
Quiller. The QI range comprises low- 
cost, quality instruments with ‘realistic 
specifications’ to meet today's 
standards. 

From a modest [OA dmm, at 
around £15 retail, the range progresses 
through analogue units to two high 
spec dmms. The first of three analogue 
meters is a 500V insulation tester, also 
offering a 300Vac measurement scale. 
The other two offer large displays, dB 
ranges, semiconductor test, and are 


ideal for general purpose and desk 
instrument work. 

The range’s penultimate dmm is 
compact, autoranging, and features a 
bargraph display. Top of the range is 
powerful and rugged dmm with a 
comprehensive selection of facilities 
including temperature, capacitance. 
frequency ranges and semiconductor 
fest. 

For more information contact 
Quiller Ltd, 2 Paisley Road, 


Bournemouth, Hants, BH6 5EU, Tel: 


0202 417744, 


CATALOGUE 


DATABASE 


Adcola are a household name when it comes to soldering 
equipment and accessories. Their latest brochure has come in and is 
well worth browsing through. It does not cover soldering irons 
themselves but is devoted to desoldering and assembly products. 
Included are a desoldering/rework static-free station, anti-static 
desoldering braid, desoldering pumps, inspection lamp lenses, 
soldering iron tip cleaning, fume hoods and a selection of low cost 
cutters, nippers and pliers. Adcola Products Ltd, Adcola House, 
Gauden Road, London SW4 6LH. Tel: 071-622 0291. 


HANDY THERMOMETERS 


he CP Instrument Company 

have provided a solution to their 
belief that insufficient features are to 
be found on some instruments. The 
company have carefully selected the 
popular functions that most users of 
han-held thermometers require and 
neatly packaged them into a single 
unit. They go so far as to say that it 
“can only be termed the ultimate 
hand-held thermometer”. 

Although we are reluctant to 
consider anything as being “the 
ultimate”, the thermometer certainly 
appears to be remarkably simple to 
usw and has a lot of features. Apart 
from reading either 0.1° or 1° 
resolution in both °C and °F it will 
store peak and valley temperatures 
with one probe, thereby eliminating 
probe error. It will accept type JKT 
and E thermocouples, will “hold"on 
all functions, and most importantly, 
can be field calibrated against known 
temperatures. 

The non-volatile memory 
function takes this thermometer into 
a field of its own (!) storing up to 
eight readings indefinitely. 

Externally the meter is housed in 
an abs plastic case with a sealed 


TICK TOSH 


TE oshiba is looking to increase its 
share of the clock radio market 
this year with the introduction of two 
new models, the RCLO61L and 
RCIO79L. 

Both models feature dimmer 
switch, sleep function, snooze 
facility, led display, battery back-up 
and fm/mw/lw 3-band radio. The 
RC1079L also includes a dual alarm, 
and is priced at around £23. The 
other model costs around £15. 


Velleman's High-Q kit catalogue is a well illustrated source of 
commercially manufactured electronic kits for a wide selection of 


Ze 
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positive response membrane keypad 
and shatterproof display window, 

Simon Thomas, marketing 
manager of CP instruments says. “At 
£149.50, no other thermometer can 
even come lose to offering these 
combined functions in such an easy 
to use package at such a low price, 
It's so reliable that we even offer a 
three-year guarantee!” 

For further information contact 
The CP Instrument Co Ltd, PO Box 
22, Bishops Stortford, Herts, CM23 
SDH. Tel: 0279 757711, 


functions. It's an A5 sized catalogue of 32 pages, in which each kit is 
shown as a colour photo of its finished form, and they really do look 
appetising. The contents include: alarm, audio, car accesories, 
housings, communications, computer interfaces, dimmers, gadgets, 
houshold applications, light-effects. measuring, membrane 
keyboards, sensors, counters, timers and power supplies. The prices 
look very reasonable and set-by-step instructions are provided 
with each kit. Velleman are an international company whose kits are 
widely distributed across Europe, Canada and the USA. The sole UK 
distributors for Velleman are High-Q Electronics Ltd, PO Box 


1481, London NW7 4RF. Tel: 0707 263562. 


Mega Electronics have established an excellent reputation as 


manufacturers and suppliers of equipment and materials for all your 
peb, front panel and label requirements. Their latest catalogue 
illustrates the very large variety of products available for these areas 
and should be obtained by any hobbyist seriously into making 
pebs and doing general electronic assembly. The 56-page A4 
catalogue is liberally illustrated and covers pcb processing 
equipment, pcb laminates, pcb chemicals, pcb prototyping systems, 
cad software, front panel/label production, lightboxes, soldering 
equipment, tools and uv exposure units. Newly introduced is a 
selection of electronics components. Mega Electronics, Mega 
House, Grip Industrial Estate, Linton, Cambridge, CB1 6NR. Tel: 


0223 893900. 
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S everal new models of adjustable 
switched mode power supplies 
have been added to Zenith’s range 
They are rated from 15S0W's to 
200W's total load capacity and will 
operate from any mains supply, with 
autoranging for 115/230¥V ac inputs. 
The main feature of these smps is 
the wide range of output voltages 
available from four outputs, varying 
from 5V de to 26¥ de, If higher 
voltages are required, any two output 


PCB TOROIDS 


A n extensive range of high 
quality encapsulated peb 
toroidal power transtormers is now 
being manufactured by Toroid 
Technology Ltd, The toroids have 
been designed for high efficiency, 
low weight, and for use where 
Space isata preimium. 

This low cost range has a 
standard selection of power ratings 
from ISVA to 120VA, with two 
primary windings of 120¥V tor 
series or parallel connection, All 
models are encapsulated in a 
thermally conductive resin within a 
nylon enclosure. 

For more information contact 
Paul Richards, Toroid 
Technology Ltd, 175a Brigstock 
Road, Thornton Heath, Surrey, 
CR7 7JP. Tel : 081-689 8002. 


ADJUSTABLE SMPS 


channels can be combined in series. 


Line, load and cross regulation for all 


outputs on each new model are 
ughtly regulated at 0.2%. A patented 


electronic start up circuit increases 


reliability and efficiency of the units. 


For further information contact 


Bernadette Collins, Zenith 
Electronics, Virginia Road, Kells, 
Co Meath, Ireland, Alternatively, 


ring Allan Swift, Zeniths’ UK Sales 


Manager on 0306 76730. 


ENGINEERING 
A CAREER 


he new IEEIE, the professional 
Institution for Incorporated 
Engineers and Engineering Technicians 
in Electronic and Electrical 
Enginneering, has published a careers 
brochure aimed ut attracting more young 
people into the profession. The brochure 
contains comprehensive information on 
the profession and also defines the 
qualifications required for membership 
of an engineering institution such as the 
IEEIE. 

IEEIE Secretary, Alan Gingell, say's 
“Engineering needs to attract the 
brightest youngsters, not only for careers 
as Chartered Enginecrs but also as 
Incorporated Engineers and Engineering 
Technicians, 

Another publication is also newly 
available from the IEEIE, Entitled “Tales 
of 12 Women - who are glad they chose 
Engineering”, the booklet contains 
information on winners and finalists of 
the prestigious Young Woman Engineer 
of the Year Award. It is freely available 
to schools and colleges in an aim to 
motivate more female students to pursue 
a rewarding and exciting career as an 
Incorporated Engineer. 

For more information contact 
Jenny Poulton, IEEIE, Savoy Hill 
House. Savoy Hill, London WC2R 
OBS. Tel; 071-836 3357, 
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EVENTS 
DIARY 


lf you are organising any event to do with 
electronics, big or small, drop us a line, 
we shall be glad to include it here. 


Please note : Some events listed here may be trade or restricted 
category only. Also, we cannot guarantee information accuracy, so 
check details with the organisers before setting out. 


Sep 18-21. EFTPOS 90. Exhibition and conference on electronic 
retailing. Alexandra Palace, London. 0273 722687. 


Sep 25-27. British Laboratory Week. Olympia, London. 0799 26699. 


Oct 2-4. Eurostat 90. Barbican Red Hall, London. 0799 26699, 


Oct 18-19. Direct to Home Broadcast by Satellite. IEETE conference 
— registration £105 per day. IBA Conference Hall, Brompton Road, 
London SW3. 071-836 3357 


Noy 6-8, Total Solutions. NEC Birmingham. 0799 26699. 


1991 


Mar 19-21. Nepcon Europe and Electronics International (formerly 
British Electronics Week). NEC, Birmingham. 0799 26699. 


April 17-18. Laboratory Manchester. Windsor Hall, G-Mex Centre, 
Manchester. 0799 26699. 


May 15-16. Laboratory Scotland. Scottish Exhibition Centre, 
Glasgow. 0799 26699. 


IEE FARADAY LECTURES 1990-9] 


Presented by the Universities of Bath and Sussex. 

1990: Oct 17 Brighton. Oct 30 Edinburgh. Novy 7 Liverpool. Nov 13 
Middlesborough. Nov 21 Manchester. Nov 27 Reading. Dec 4 
Coventry. Dec 12 Ipswich. 

1991: Jan 15 Exeter. Jan 22 Swansea. Jan 29 Southampton. Feb 5-7 
London. Feb 12 Hanley, Stoke-on-Trent. Feb 27 Nottingham. Mar 6 
Sheffield. Mar 13-14 Bath. 

For free tickets and further information contact (enclosing SAE) The 
Faraday Officer, IEE, Michael Faraday House, Six Hills Way, 
Stevenage, Herts, SG1 2AY. 


MICROPROCESSOR TRAINING COURSES 


In conjunction with Colchester Institute, Flight Electronics is 
offering a range of intensive four-day microprocessor courses. 
Contact: Suzanne Kittow, Flight Electronics Ltd, Flight House, 
Ascupart Street, Southampton SOI 1LU. Tel: 0703 22721. 


IC TESTER- 
PROGRAMMER 


onnect Alpha’s latest tester to 
C any IBM compatible system and 
you have a commercial chip tester 
programmer at your command, The 
ICT 10 recognises and tests all major 
tt] 74 and cmos 4000 series, tests 
drams and srams and has a 
sophisticated multi-eprom 
programmer. Supplied ready for use 
with user-friendly software and 
programmed instructions, this test set 
is a powerful tool for serious 
hobbysists as well as engineers and 
technicians. 

The tester will instantly recognise 
any supported tl or cmos chip by 
quoting its industry standard part 
number, Testing suspect components 
together with general soak testing 
can aid long term circuit reliability, 
Equipped with a versatile eprom 
programming capability it will read 
an existing eprom, compare it with a 
reference, program up to four 
eproms, verify blanks, and give the 
check sum. Files can be read from 
assemblers in binary or hex formats, 
and the data can be edited and saved 
back. The price of the unit is £295 
plus vat. 

For further information 
contact Alpha Electronics Ltd, 
Unit 5, Linstock Trading Estate, 
Wigan Road, Atherton, 
Manchester, M29 0QA, Tel: 0942 
873434. 


POCKETING 
SATELLITES 


nmarsat and Motorola are to 
i study the feasibility of a low- 
orbiting satellite system concept that 
could support pocket mobile 
telephone services worldwide. 

The Iridium Satellite 
Communications System proposed 
by Motorola could revolutionise 
mobile comms with its constellation 
of 77 small low-orbit satellites, 
Customers would be able to 
communicate globally using small 


pocket telephones. Calls could be 
interconnected directly using on- 
board satellite switching and inter- 
satellite links. 

“The Iridium concept promises 
higher capacity and lower user costs 
for personal communications than 1s 
possible through geostationary 
satellites”, said Olof Lundberg, 
Director General of Inmarsat. “This 
capacity may be needed towards the 
end of the century as demand 
continues to grow.” 

For further information 
contact Elizabeth Hess, Inmarsat, 
40 Melton Street, London NW1 
2EQ. Tel: 071-387 9089. 


WEATHER 
CENTRE 


M aplin’s new weather 
monitoring system allows you 


to measure wind direction and speed 
from the comfort of your home. The 
project is in two halves, an outside 
unit which gathers data on wind 
speed and direction. and an indoor 
unit which displays the weather data 
gathered, 

An analogue meter shows the 
speed in mph and knots, and a 16 
point led compass display shows the 
direction. An optional digital 
temperature module gives a readout 
of inside and outside temperatures. 

The kits are available from 
Maplin’s nationwide shops, or 
from their mail order offices at PO 
Box 3, Rayleigh, Essex, SS6 8LR. 
Tel: 0702 552911. 


AMSTRAD 
STORY 


lan Sugar is arguably one of the 

most extraordinary businesmen 
to have emerged in Britain since the 
war. He is the man who developed 
Amstrad, and who symbolised many of 
the dramatic social and business 
developments which transformed 
Britain in the 1980s. 

Published to coincide with the 10th 
anniversary of the floatation of 
Amstrad, a commemorative book as 
been published. Alan Sugar — The 
Amstrad Srory tells of Alan Sugar's 
rise from selling car aerials from the 
back of a van in the East End of 
London at the modest age of 19, to 
become. according to Rupert Murdoch, 
“Probably Britain's greatest 
entrepreneur”, and one of the richest 
men in the country. Alan Sugar's 
personal philososphy of “aggression, 


energy, realism and instinct”, 
combined with a flair for design. 
marketing and packaging have made 
him Britain's most innovative and 
pioneering businessman. 

The key to his success was his 
ability to demystify computers and 
technology, and to market his products 
developing electronic goods that 
people wanted at affordable prices. In 
doing so he brought technology out of 
the Jab and into the home and small 
business. and helped develop the first 
computer-literate generation in the 
UK. 

The book is published by 
Century, Random Century House, 
20 Vauxhall Bridge Road, London 
SWIYV 2SA., Tel: 071-973 9670. 


3-D TVS 


British company claim to have 

achieved a major breakthrough in 
3-D tv and cinema viewing. Delta 
Systems Design Ltd has produced 
Deep Vision, an internationally 
patented 3-D system applicable to tv, 
cinema, video, live action, animation 
and computer graphics. 

It is a unique 3D system and the 
viewer 18 not required to wear any 
form of spectacles, (Remember the red 
and green specs in the era of 3D 
cinema?) What is more, the system can 
convert af/ existing films into 3-D, 

Deep Vision is a digital process 
which specially encodes the image. 
When the image is viewed through a 
tv. or in a cinema, equipped with a 
digital decoder the viewer experiences 
the impression of 3-D. Success has 
been achieved where other systems 
have failed, partly because Deep 
Vision does not attempt to 
mechanically create the 3-D image. 
Instead it activates the brain's powers 
of depth perception, allowing the 
viewer to perceive 3-D with natural 
perspectives and depth. 

James Ashby is the inventor of the 
system, His Delta Group is currently 
negotiating the formation of a joint 
venture company with RCA-Columbia 
and Brent Walker for the global 
marketing of Deep Vision. 

For further information contact 
Karin Cambrai, Delta Systems 
Design Ltd, 71 Endell Street, 
London WC2. Tel : 071 497 8004. 


CABLE 
FRANCHISES 


he Cable Authority has 

announced the last three franchise 
awards to be made, bringing the total 
number to 135. 

By the end of 1990, 40 to SO of the 
broadband franchises should be 
operating, Around the middle of next 
vear the vast majority of the other 
franchises should also have been 
switched on. It is expected that two- 
thirds of the homes in Britain will have 
access to cable tv facilities. 

With the review of the BT/Mercury 
telecoms duopoly expected in 


November, the Authority has reported 
that cable operators will be hoping for 
greater freedom to develop their own 
business with the right to interconnect 
with BT or Mercury. 

Incidentally, the Authority has 
received a flood of complaints about 
programme substance following the 
banning of the German-language RTL 
Plus for breaching the Authority's 
codes and guidelines (reported in PE 
News May 90), However, that ban 
could be the last of its kind due to the 
effect of the Council of Europe 
Convention. and the European 
Community Directive on 
Broadcasting. These state that any 
service regarded as acceptable by the 
European country from which it 
originates must also be treated as 
acceptable in other European 
countries. Unless the government 
decides to take special action under 
those instruments, the banning of the 
RTL Plus channel here is only 
temporary, 


DIGITAL BT 


ritain has become the first major 

B country in the world with a long 
distance telecorns network which is 
entirely digital. British Telecom proudly 
announced this fact when they recently 
closed the last of the old style electro- 
mechanical exchanges, at Thurso in 
Scotland, transferring their customers’ 
phone lines to the new digital system. 

The network, part of a massive BT 
investment programme now running at 
£3 billion a year, gives customers in the 
most remote parts of the Highlands and 
Islands access to the same high quality 
connections as those in the City of 
London, 


ANTI-STATIC 
WRIST BAND 


f you are a frequent user of static- 

prone devices, such as cmos chips, 
you could benetit trom the convenient 
protection offered by OK"s new wrist 
band. Its an adjustable watch strap 
type of anti-static wrist band named 
the Ergoband. Made from jewellery 
quality stainless steel, it features a 
patented linking system enabling the 
band to be adjusted to fit all sizes of 
wrist, Supplied as a basic single-size 
band, it comes with four expansion 
links, plus a cord set with a 1M 
resistor incorporated, 

For further information contact 
OK Industries UK Ltd, Barton 
Farm Industrial Estate, Chickenhall 
Lane, Eastleigh, Hants, SOS SRR. 
Tel : 0703 619841. 
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CUSTOMISED 
LCDS 


A new dual-channel 
microprocessor controlled 
frequency counter from Beckman has 
the exceptionally wide measurement 
range of O.OTEZ to 1.3GHz, The 
FCI30A is intended for applications 
ranging from general audio to 
amateur and business radio cordless 
and cellular telephone repairs, and 
computer servicing. Monitoring of 
transmitter Outputs can be made with 


hese days practically every 

manufacturer and distributor ts 
falling over themselves to produce 
everything from computer 
programs to spray cans that are 
user-friendly, ozone-triendly or just 
friendly-fricndly, Well, TK 
Electronics have spotted that not 
everything ought to be user- 
friendly, They've introduced a new 
digital electronic lock kit which is 
decidedly user-friendly, The only 
time it will behave bentgnly is if 
you enter the correct unlocking 
code. The first time you enter the 
wrong code, it will take note of 
your human fallibility but not 


MICRO-PROCESSED 


USER-UNFRIENDLY 


A new custom super-twist nematic 
(S-TN) led production service 
from Varitronix has been announced 
by Trident Microsystems. The service 
will help those who have the need for 
quantities of Icds produced to meet 
their own specitications. 

Turm-around time for prototypes 
is around five to eight weeks, with 
production runs taking around nine to 
twelve weeks. 

S-TN Icds are the ideal solution 
for displays requiring acceptable 
vieweing angles when multiplexed 
more than eight ways, 

For further information contact 
John Turney, Displays Division, 
Trident Microsystems Ltd, Trident 
House, 55 Ormside Wat, Redhill, 
Surrey, RH12 2LS. Tel: 0737 
7659000. 


a simple chip antenna. 

Periods from 8ns to 100 sees, and 
rate per minute (rpm) from 0.6 to 
7200 million rpm can be measured 
with high accuracy and resolution on 
an &-digit plus exponent led display. 

For full details contact 
Beckman Industrial Ltd, Astec 
Building, High Street, Wollaston, 
Stourbridge, West Midlands, DY8 
4PG. Tel : 0384 442394. 


actually do anything, But. if you 
make any more mistakes it will 
show its displeasure by sounding a 
loud alarm, It will resolutely then 
deny any access to the door it 
controls, ignoring further keyboard 
entries for an unspecified snooze 
period, This should be a good 
deterrent to any malignant-minded 
burglar. 

The price of only £19.95, 
including vat, should be a good 
friendly incentive to you to buy this 
unfriendly lock, from TK 
Electronics, 13 Boston Road, 
London W7 3SJ. Tel: 081-567 
8910. 


PRACTICAL ELECTRONICS OCTOBER 1990 


FASTEST 1 MBIT EEPROM 


The world’s fastest IMbit eeprom has been launched by Seeg 
Technology. The 28C010 has a maximum access time of 120ns, and has the 
lowest active and standby current requirements of any available I Mbit 
eeprom, of 80mA and 350uA respectively, 

Features on the chip include an extended chip-select facility which 
eliminates the x4 decoder required for multi-part system applications. A 
reverse bias generator provides improved latch-up protection as well as 
protection from yoltage drops and surges. Software write protection, 
incorporating a disable option is also provided, together with false write 
and erase protection. 

The biggest drawback of the 28C010 from a hobbyist point of view ts 
the horrendous price, of around £380. 


64 MBIT DRAMS 


Siemens and IBM have signed an agreement to jointly develop 64Mbit 
memory chips. The goal of the project is to have a world-standard 64Mbit 
dram ready for commercial introduction in the mid 1990s. Work will 
concentrate primarily on the chip design and the process technology, using 
some of the most sophisticated tools and materials available. 


16-BIT RISC CONTROLLER 


Siemen’s SAB 80C166 risc-type single chip 16-bit cmos 
microcontroller is up to 20 times more powerful than competitive 16-bit 
microcontrollers. It boasts a 100ns machine-cycle time with a 20MHz 
clock, with most instructions executed in one cycle. Furthermore, there's a 
large memory space ranging from 256Kbytes to 16Mbytes depending on 
the package size 


COOLER POWER OPTOTRIAC 


Siemens has introduced the world's first optocoupled triac capable of 
delivering two amps at 55°C without any requirement for additional 
cooling. 

The IL428 contains a Gallium Arsenide infrared led optically coupled 
to a 2A phototriac. both chips being encapsulated within a 4-pin single-in- 
line package. The device is sensitive enough to directly interface loads to 
logic, a Maximum input current of only 8mA being required to switch 2A 
efficiently. 

Insulation is rated at 7.5KV and repetitive peak forward off-state voltage 
at 600V. The triac is thus ideal for use on 240 Vac systems. 


2K SERIAL EEPROM 


The XL93C56 2K serial cmos eeprom has been introduced by Exel. The 
device holds 2048 bits of non-volatile memory in an 8-pin dil package and 
offers exceptionally low power consumption. It can continue functioning in 
tread mode if the power supply weakens to a mere 2.0V, making the chip 
ideal for battery-powered applications. The memory ts organised as 128 
registers of 16 bits each. Six instructions provide control for read, write and 
enable functions. Data is transferred using in and out data pins and a serial 
clock to shift bits in and out. 

The device offers a 10-year, 10,000 non-volatile write cycle guarantee, 
It operates on a single SV supply and consumes 2mA in active mode and 
4uA in standby mode. 


SOURCE DATA 


Excel Microelectronics Inc, 2150 Commerce Drive, PO Box 49007. 
San Jose, CA95 161-9007, LSA. 

Seeq International Ltd, Dammas House, Dammas Lane, Old 
Town, Swindon SN1 3EF. Tel : 0793 694999. 

Siemens ple, Siemens House, Windmill Road, Sunbury on 
Thames, Middx TW 16 7HS. Tel: 0982 785691. 


S company Sage Alerting Systems 

wants to create a non-profit industry 

group in North America to try and 
make the European radio data systems, RDS, a 
new standard for broadcasting in the US and 
Canada. 

The “RDS North America” group would 
work like the industry group which promoted 
the general concept of compact disc in the early 
80s. But it may prove far harder to break the 
“no software - no hardware” vicious circle in 
North America than in Europe. Whereas most 
European countries rely on a national radio 
network (like the BBC in Britain), in North 
America the radio system is fragmented. 


SLOW ROARING 


Those pushing RDS across the Atlantic like 
to paint the picture of RDS already being a 
roaring success in Europe. Although things are 
picking up, and the BBC has done sterling 
work in breaking that software/hardware 
vicious circle, RDS has been slow to get off the 
ground. Here’s how and why. 

In 1985, after nearly ten years research, the 


1989. EON code transmission has been phased 
in (starting from London) from July 1989, But 
manufacturing lag means that there are still no 
car radios with EON facilities. 

There is also still no sign of the BBC's 
dream, a portable self-tuning radio. The BBC’s 
long-term ambition is to use RDS as a way of 
making radio a real competitor to television - 
with push button tuning. The data signal does 
the tuning, once the user has selected a 
programme by name. 

In April 1988 the BBC published a “Yellow 
Book” on “functional requirements for the 
BBC portable receiver”. The BBC said it 
planned to sell a badged BBC RDS radio, just 
as it had previously sold the BBC Micro. The 
BBC would draw up the specification and an 
outside contractor would be licensed to make 
and sell it, with royalties paid to the BBC. 
Learning from some unhappy experiences with 
the BBC Micro, the BBC did not want to 
license just one company to make the badged 
radio. Instead the BBC planned to deal with a 
consortium of several design and 
manufacturing companies. The aim was to have 
sets on sale by 1989. 

Although the document is brief, just eight 


RADIO DATA SYSTEMS 


BBC promised a “radio of the future” and 
proposed RDS as a European standard. In 
March 1984 the European Broadcasting Union 
accepted and published the BBC's proposal 
(Technical Document Number 3244). 
Subsequently the CCIR gave RDS its blessing 
as an official standard (Recommendation 643). 

An extra carrier conveys the codes needed 
to control the receiver. FM radio broadcasts 
already, of course, have an extra carrier at 38 
kHz for stereo. In the US they already use a 
carrier at 57 kHz for background music, eg for 
supermarkets, but European broadcasters 
decided long ago to keep this frequency clear 
for information. 


EUROPEAN RDS 


Radio stations in West Germany, Austria 
and Switzerland have for many years been 
broadcasting traffic information with a 
primitive channel-switching system called ARI 
(Autofahrer Rundfunk Information). ARI 
transmits analogue signals on a 57 kHz carrier 
wave, Sweden tried another system called 
Public Information, which broadcast digital 
codes on a 57 kHz carrier. Attempts at selling 
ARI into the US were not successful. 

RDS builds on the Swedish PI system and 
uses a digital code on a 57 kHz carrier. The 
signal on the 57 kHz carrier is digital data 
running at 1187.5  bits/second - closely 
equivalent to 1200 baud electronic mail. 

One carrier can take both ARI and RDS 
signals, making it possible for Continental 
countries to phase in RDS and later phase out 
ARL. 

In March 1986 the BBC promised to spend 
£0.4 million, 1% of the annual engineering 
investment in radio, on converting transmitters 
to RDS. By January 1988, all the BBC’s 
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There's dithering 
and dickering over 
the introduction of 
RDS. Will eons pass 
before EON solves 
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Network and Local Radio vhf-fm transmitters 
were converted. The IBA has now converted 
half its network of local commercial radio 
stations. 


BBC LAUNCH 


The official launch of RDS was set for the 
BBC’s Radio Show at Olympia on 30 
September 1988. But there were few receivers, 
and only for cars. A Volvo radio, made by 
Mitsubishi and costing around £500, was the 
only system available promised off-the-shelf. 

There was then post-launch confusion over 
the RDS standard. It was found that the Other 
Network (ON) code, which lets a car radio 
switch from a national network station to local 
radio when there is a traffic flash, needed 
modification to ensure error-free reception. The 
BBC developed an enhanced and more robust 
ON code format and the European 
Broadcasting Union accepted the proposal for 
Enhanced Other Network (EON) in March 


pages, it is tied to eleven EBU, IEC, CCIR and 
BSI standards. Whereas the RDS requirements 
were relatively straightforward - circuitry 
capable of decoding the RDS signal, twelve 
pre-set buttons for stored stations and a display 
to read out the frequency and service name, 
indicate whether the service is mono or stereo 
and tell the quality of reception - the Yellow 
Book tied the RDS licence to general 
performance of the receiver. Tests conducted 
by the BBC, suggest that very few portable 
radios on sale today would meet the Yellow 
Book standard. So the BBC radio would by 
definition be a high quality radio, as well as an 
RDS receiver. 


JOINT VENTURES 


The BBC could not find any solo 
manufacturer willing and/or able to meet the 
spec and pay a royalty to sell under licence at 
an attractive price. The next idea was a joint 
venture between pairs of manufacturers, with 
the BBC helping to fund production of RDS 
radios to be sold under the BBC name. So far 
there has been no joy there either. 

Most car radio makers now offer at least one 
RDS receiver in their range, but this has until 
recently been more a show of capability than 
genuine commercial interest. Things now seem 
to be changing, with a groundswell of interest 
building up and prices falling from around 
£500 to below £200, 

As EON codes are already being transmitted 
it can only be a question of time before we get 
receivers with the EON facility to switch 
automatically from national to local station for 
news flashes. Is it any wonder that those in the 
know are waiting for a receiver with EON 
before buying? 
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ecently, the stability of my 

philosophical outlook suffered 

a severe shaking. One of the 
foundations upon which my life is built 
is the solid belief that | am totally free 
from being influenced by salesmen. 
Normally, the ritual chant dogmatically 
intoned to any uninvited doorstep rep 
can be summed up in the four-word 
verse: “Thanks, but no thanks!”. I'm nei- 
ther rude nor brusque, just polite and 
adamant. But that short incantation is 
the outward expression of the unspo- 
ken chorus: “Up till now I've done with- 
out it, I'll continue doing without it, until 
I'm ready to want it. Don't call me, I'll 
call you". 

Now of course being “ready to want 
it" is in itself a condition which is heavily 
influenced by sales talk, whether 
across the doorstep, or by adverts on tv 
and bill-boards. | guess that when | fell 
for the satellite tv pitch on the doorstep 
my ‘wanting’ had been thoroughly 
ripened subconsciously by expert 
advertisers. A sense of euphoria the 
night of the sales call probably also 
helped the ripening and my fall from 
self-grace. | had just finished another 
design and was feeling on top of the 
world. What was more natural, then, 
than to show extra goodwill to the 
smart young clip-board carrying satel- 
lite tv rep out working late on a balmy 
mid-summer's evening? 

He was invited in and, to my later 
amazement, | found myself signing on 
the dotted line. So much for dogmatic 
amateur philosophy! 

And yet, when next day | reconsid- 
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ered yester-evening’s signing ceremo- 
ny, it became apparent that although | 
could probably live with the cultural 
shock of more tv channels, the technol- 
ogy was still not ready for me. It's still 
necessary to have separate aerial dish- 
es and associated set-top black boxes 
for each of the two main contenders of 
Sky/Astra and BSB. Nor am | aware of 
the imminence of tv sets which incorpo- 
rate satellite reception and decoding 
circuits within their cabinets. 

Then | received the Cable Authori- 
ty's report on their National Survey. It 
reminded me that both Sky and BSB 
channels are carried on cable. More- 
over, it showed that it’s significantly 
cheaper to view by cable than to dou- 


ble-rent satellite equipment. From the 
figures quoted, if both Sky and BSB 
facilities are directly rented from their 
respective companies, complete with 
the movie channels, it would cost 
around £42 per month. Yet if Sky and 
BSB are brought in cable, the channels 
can be viewed for around £24 per 
month. 

lt appears from the Authority's report 
that nearly two out of three people in 
Britain are as yet unaware that Sky and 
BSB are carried by cable. The report 
goes on to state that over eight million 
households say they would subscribe 
to cable when it passes their homes. 
Other findings reveal that 60 per cent of 
the public have heard of cable tv, but 
over 90 per cent are aware of dish 
reception (so who's got the better sale's 
pitch, then?). Over a third of dish own- 
ers say they would prefer cable if it was 
available. Greater choice and a dislike 
of dishes were given as the main rea- 
sons for opting for cable. 

As you have read from periodic 
reports in PE, cable facilities are in the 
process of becoming widely available 
across Britain. Although the Authority’s 
franchisees have not yet dug up my 
road, |’m sure they will soon. And when 
they do they probably won't need to try 
coaxing me into having their co-ax 
linked to my teleset. To me it’s a better 
access route to the new channels than 
via dishes. | regret I’ve cancelled my 
direct satellite trial option. 

Philosophy needs tempering by 
experience. 
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s there a dud ic in that set of parts you are 
[Joi together for your latest 

project? There are many occasions when 
this question arises: when parts are being re- 
used, when they were bought as a ‘job lot’, in 
colleges and schools after a project or 
experiment is finished, or simply to eliminate a 
suspect component in a non-working project at 
home or at work. 


OBJECTIVES 


Chiptester was designed to functionally test 
digital ics quickly and easily. It had to be low 
cost to make, and be flexible so that new chip 
data could be incorporated at will. It had to test 
a wide range of chip sizes and be able to 
determine the function of an unmarked chip. A 
design based upon the use of a home computer 
was indicated and, after some experimentation, 
the prototype was made and the software 
written. A number of Chiptesters have now 
been made to the same design and are in good 
service. 

Using a home computer to form part of the 


tester allows display of the device waveforms 
for fault analysis or device demonstration in 
colleges or schools and provides a great 
simplification of the circuit design and 
construction, The tests carried out may be 
more extensive, and the device files may be 
stored on disc file for easy use, and in search 
mode to discover the type number of 
unmarked devices. If one has a printer then the 
displayed waveforms may be printed out for 
reference. 

Chiptester will functionally test a wide 
range of 5V logic chips including popular ttl, 
cmos, het and similar families. It was designed 
to work with any disc based BBC 
microcomputer including the Master, and most 
variants have been tested, all successfully. It 
requires the IMHz BUS and USER port 
connections and is powered from the 
computer, An interesting feature of the 
chiptester is the novel zero insertion force 
connector which will allow all chip sizes up to 
28 pin with 0.3, 0.4 or 0.5 inch centres to be 
inserted in the one type of socket. An on- 
screen display shows the correct position for 
inserting the ic, which is normally the bottom 
position, but for devices with non-standard 
supply pins an offset may be introduced. 


OPERATION 


In its most often used and simplest mode, 
the test specifications of the ic to be tested are 
first called up from dise file. This is simply a 
matter of entering the device part number. The 
next stage is the testing of the device itself. A 
display is given showing the chip position in 
the socket and advising where to set the switch 
for the power supply pins. The device is then 
tested and a pass or fail indication is given. 
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Dave Rayner 
presents you with a 
versatile and 
inexpensive 
digital integrated 
circuit tester 
for use with BBC 
microcomputers 


Many variations on this simple procedure 
are made possible by the software. During the 
test phase for example, the display may be 
made to show the waveform on any desired 
chip pins as the test progresses. 

The display is colour coded to show the 
difference between input and output pins and 
is highlighted where any faulty output occurs. 
Another useful pair of commands are the 
loop-until-pass and loop-until-fail tests, With 
these, one can trace intermittent failures or 
temperature-related failure modes. There is 
also a search mode where all the device files 
on disc are searched for a match against the 
device under test. If desired, new test files 
may be created easily by the user and saved to 
disc, thus Chiptester can also be used for 
testing PAL’s and other user programmed 
devices. 

The software is very comprehensive, being 
in total about 30K of overlaid basic files, 
some machine code and about 37K of ic data 
files. Because of the size the listings are not 


reprinted in these pages and the software is 
available on disc from the author directly, (see 
later). 


CIRCUIT DESCRIPTION 


The circuit diagram for Chiptester appears 
in Fig.1]. The heart of the circuit is a versatile 
interface adaptor (VIA) chip type 6522 
connected to the 1MHz bus of the Beeb via 
connector J7. This is not the place for full 
technical details of how the 1MHz bus works 
but basically it is a buffered, high speed 
interface into the Beeb’s internal data and 
address buses. IC2a,b and c are used to clean 
up the page select line FRED which suffers 
from glitches produced by the Beeb’s internal 
circuitry. Most of the address decoding is 
done by the Beeb while producing FRED but 
IC2d provides a little bit of additional address 
decoding. 

The VIA is a large scale integration (Isi) 
interface chip. It contains latches, buffers and 
other logic circuits needed for handshaking 
and simple interfacing techniques, The 
internal logic connections are alterable by the 
software and for our purposes the attractive 
feature is that by appropriate software 
commands, it allows many of its pins to be 
configured as either output or input pins 
individually. This is just what we want since 
we don’t know in advance which pins of our 
socket will need to be inputs or outputs. 

There is another VIA inside the Beeb 
which gives us a few more input/output lines 
available at the USER port, J6. The 5V supply 
is also taken from the user port and since we 
don’t need much power to test one chip this is 
well within the capabilities of the Beeb’s 
supplies. A 500mA fuse, F1, is fitted just in 
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case a test chip is a dead short! 
The switch, S1, selects the desired pin on 
the universal socket needing the 5V supply. 


HOW CHIPTESTER WORKS 


As described above, Chiptester’s universal 
socket pins are connected to 26 bi-directional 
inpuYoutput lines, each under control of the 
host computer. By setting some lines high, 
some lines low and measuring others, 
Chiptester’s software can measure the 
response of an ic and compare this against a 
file describing the correct response for the ic 
under test. A sequence of such tests confirms 
whether the device is working or not. In 
addition, pins may be defined as clock pins 
and after specified cycles of the clock, the 
output pins are measured and confirmed 
against the file as above. 

Each stage of the test is initiated by setting 
input pin conditions and/or clock pin(s) count 
values. The outputs are then verified for that 
stage. Most devices can be fully functionally 
tested within ten or fifteen such stages, 
although a few may be only spot tested, such 
as memories and processors. Chiptester files 
allow twenty-eight measurement stages with 
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Fig. 1. Complete circuit 
diagram for the chiptester 


up to twelve clock count stages each with up 
to 1024 cycles. 

Certain definitions are required to be 
understood if you are going to make the best 
use of Chiptester or if you are going to create 
your own test files. These are described next. 


Output Pins 


Outpins Pins are defined as those pins of 
the device under test that can always be relied 
upon to exhibit particular voltage levels at any 
Stage in a series of input pin_ stimuh, 
Chiptester measures only those pins that are 
defined as output pins. There is no “don’t 
care” possibility for output pins. 


1MH2 BUS 
J7 AND JS 


IC2 
VLSO2 
PIN 7 = OV 
PIN 14= +5V 


Input Pins 


These are defined as all those pins that are 
not output pins. These include supply pins, 
NC pins, etc. Chiptester sets voltage levels at 
all input pins even if pins are known to be ina 
“don’t care” state. 


Supply Pins 


These are a special form of input pin 
which allow many cycles of signal changes to 
be applied to the ic under test within one test 
measurement period. Up to five pins may be 
defined as clock pins. Pins defined as clock 
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pins may also function as normal input pins in 
a non-clock test period. 


Supply Pins 


These are a special form of input pin. The 
bottom left hand pin of the universal socket is 
always connected to the 0 volt supply and is 
not measured by the computer, The +5 volt 
supply line is switched to a_ position 
corresponding to pin 14, 16, 20, 24 or 28 of 
the ic under test. Switching is achieved 
manually by the front panel control. 


Pin Definitions 


Unless mentioned otherwise the pin 
numbers mentioned are always the pin 
numbers of the ic under test. Conversion 
between ic pin numbers and socket pin number 
is handled automatically by the software. 


IC POSITION IN SOCKET 


The ic is normally inserted in the bottom of 
the socket, thus its bottom left hand pin is 
expected to be at 0 volt supply and its top right 
hand pin at +5 volt supply. However, a few 
devices have non-standard supply pins and 
these are dealt with by: 

(a) moving the ic up the socket in order that 
the socket's 0 volt supply pin does not interfere 
with the ic’s logical pin at the lower left hand 
position. 

(b) connecting a wire link between the 
bottom left hand socket position and the ic’s 0 
volt supply pin. Sometimes a wire link will 
also be needed between the ic’s positive supply 
pin and a suitable socket pin. 

(c) assuming the device to have 
correspondingly more pins that it really does, 
according to the socket area taken up. 

NOTE: under these circumstances the pin 
numbers used by Chiptester do not correspond 
to those of the ic under test, but to those of the 
hypothetically sized chip. 

An example of this is the 74LS93 device 
included in the DATA file supplied with the 
software. A message displayed on the screen 
informs the user to take note of this exception. 


POWER-DOWN OF 


SOCKET PINS 


While the main menu in Fig. 2 is displayed 
and up to and including the beginning of the 
first test, when the computer will display a 
frame showing the position the chip should be 
in the socket, all the pins on the socket are 
powered down except the selected +ve supply 
pin. They will not be powered down again 
until the main menu is re-entered, except for 
batch testing where the pins are powered down 
again while the instructions are re-displayed. 


CONSTRUCTION 


There are very few components in this 
design but plenty of connections, Undoubtedly 
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Fig. 2. Screen menu for chiptester 


LOAD DEVICE FROM DISC 


EDIT TEST PARAMETERS 

TEST DEVICE 

SEARCH FOR UNKNOWN DEVICE 
ENTER 7 EDIT TEST DATA 
SAVE TEST DATA TO DIsc 
LIST DEVICES ON DISC 
BATCH TEST 


the easiest method of construction is to buy the 
peb through the PE PCB service, or to make 
your own from the foil pattern given. Hand 
wiring all the connections would be most time 
consuming and error prone and in any case the 
assembly has been designed to be a pcb fitted 
to the front panel by the switch itself. 

Fig. 3 shows the top of the pcb layout with 
all components and 14 links shown except J3, 


the universal zif socket and its mating sockets. 
When fitting the switch to the pcb, note that 
the small pip faces outwards to suit the hole in 
the front panel. Also note the correct polarity 
of the capacitor, Cl and the orientation of the 
two chips. [C2 is soldered directly into the 
peb but it is advisable to use a socket for IC1. 
(Ideally, I prefer readers to use sockets with 
all ics. Ed.) Be reasonably careful with IC1 


Fig. 3. Component layout on the pcb. Note that the fuse is mounted on the rear. 


poooret Siti t! 
LT goonennnnnmd BUS EE) 
LETT geecmm—— $25) 


AHTeSTIIHO 


PRACTICAL ELECTRONICS OCTOBER 1990 


, 


pope 
oo 


Fig. 4. PCB Track layout. 


since, although it has input protection 
circuitry on its pins, in common with all Isi 
devices, it can be damaged by high static 
voltages. Only insert it after all other wiring is 
completed. Note that there are six resistor 
positions on the pcb and that nothing should 
be fitted in these spaces. Originally, 1 intended 
to write a software routine to monitor the 
position of the front panel switch but in the 
event, the pull-down resistors required for this 
conflicted with the ic testing requirements and 
so the routine and the resistors were 
abandoned. Such was the over-confidence in 
my design that I had already committed the 
pcb artwork before I found out my error! 

On the reverse side of the pcb are the fuse 
clips and 500mA fuse. Mounting holes are not 
drilled for the fuse clips and they are fitted by 
bending the solder tags outwards by 90 
degrees and flat soldering them to the peb 
directly on to the track pad area. Fit a fuse to 
the clips before soldering them up and this 
will ensure that they are positioned the correct 
distance apart. The reason for designing the 
fuse on the reverse side of the pcb is so that it 
can be easily changed should it ever blow. 
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VICE SQUAD 


Many constructors will not have the special 
tools required to assemble the Insulation 
Displacement Connectors (IDCs) but do not 
despair! a small workshop vice will come to the 
aid, and the procedure is quite simple provided 
a little care is taken. First trim the cable off 
square at both ends with a very sharp heavy 
duty trimming knife. Check that no strands of 
wire are left protruding as these could short out 
later. About 1 metre is enough for each cable 
and although the parts list calls for both 20-way 
and 34-way cable, in fact the 20-way may be 
stripped down from a length of 34-way. The 
next step is to familiarise oneself with the 
correct orientation of the connectors at each end 
of one cable. Note that there is no strain relief at 
the transition connector end (pcb end) so that 
the cable exits from the side of the connector 
facing out from the edge of the pcb. However, 
at the cable socket end there should be a strain 
relief clip fitted which reverses the direction of 
the cable after the assembly is squeezed 
together (this can be confusing if not 


appreciated). Fig. 5 shows the correct 
orientation for the computer end of the cable. 

In assembly, the red strand of wire is mated 
with pin one of both connectors (usually 
marked with a little indented triangle), and the 
end of the cable lined up square with the surface 
of the connector. If the pins of the transition 
connector are temporarily mated into the 
sockets of the cable socket connector, then the 
whole cable assembly can be squeezed up in the 
vice in one action and the pins of the transition 
connector are protected at the same time. While 
you are squeezing the parts together keep a 
close eye on how the compression is going and 
if you see that one part is fully assembled while 
another is not then move the whole stack of 
parts in the vice to compensate. Do not 
overtighten the vice, it is sufficient for the ends 
of the two halves of each connector to be just 
touching. Ideally, by this time the total width of 
the cable will also be level and touching 
although sometimes there may be a little bow 
left in the centre which can just be pinched 
down separately. Repeat the procedure for the 
other cable and carefully solder the transition 
connectors into the pcb. IC] may now be fitted 
and the assembly is then ready for fitting to the 
front panel, assuming that you have already 
done the panelwork in advance. 


ZIF SOCKET 


The zif socket is mounted to, and from the 
top of the front panel, and is connected to its 
mating socket J2, in the pcb by an extra two 
low profile ic sockets which make up the 
height needed to clear the components on the 
pcb and to match the mounting shoulder of 
the pcb mounted switch. It’s best to fit one ic 
socket to the zif socket before assembly of the 
pcb to the front panel as the pins may be 
better observed for correct mating if there is 
one socket placed on each half first. I used ic 
sockets measuring 5mm high and found that 
three of them, including the one soldered into 
the pcb, produced just the right height to make 
the pcb parallel with the front panel. Actually, 
the switch shoulder is only 12.5mm high from 
the pcb but the last socket goes through the front 
panel cut-out to mate with the zif socket. 
Originally, the design was intended to have two 
adhesive pcb stand-off pillars fitted near the zif 
socket and the pilot holes for these are still to be 
found on the pcb. However, I've built a number 
of these now and on all of them I’ve found that 
the sockets are so strong and the switch pressure 
forces the sockets together so well that no extra 


Fig. 5. Cable orientation at computer 
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Fig. 6. Metal-work dimension details. 


support is required, 

Fit the two adhesive ribbon cable clips to the 
front panel in a comfortable position for the 
cables to exit from the box and fold the end of 
the clips down on the cables. See the photograph 
showing the assembled front panel. 


PANELWORK 


Fig. 6 shows the machining details for the 
front panel. The thin aluminium is very soft 
and should not present any difficulty to the 
constructor. One warning though, because 
the metal is so soft you will need to use 
sharp tools otherwise you will risk distorting 
the surface of the panel. If you are using a 
different case from the one recommended, 
be sure to maintain the same relationship 
between the rectangular cut-out and the 
switch mounting hole otherwise the pcb will 
not match up to the panel. 

When the holes have been cut out of the 
panel you may mark the switch positions as 
shown in Fig. 7 using panel lettering 
transfers and a light coat of spray varnish to 
protect them from wear. 

The base of the case requires a little 
attention to enable the ribbon cables to pass 
out unhindered. Take a sharp file to the rear 
edge of the case and remove about 2mm of 
the plastic for a width of 110mm, centrally 
positioned. This will allow the cables to exit 
tidily. Stick on self adhesive rubber feet to 
finish the job. 


TESTING 


It’s only possible to do a minimum of 
tests before using the software, but there is 
so little to go wrong except poor assembly, 


that the few tests given below will be 
enough. Later we will be describing the use 
of all of the features of Chiptester using ic’s 
7400 and 7414 as demonstration devices so 
you will need to obtain one of each of these 
chips to get the best appreciation. 

With the computer switched off, connect 
the Chiptester to the USER port and the 
1MHz bus, making sure the connectors are 
inserted correctly. Pin | on the cable is the 
side with the red tracer and is also marked 
on the computer with a triangle, these should 
match one another when connected. Rotate 
the switch to the 28-pin position. This puts 
the +5 volts supply on the top right hand pin 
of the socket and so will ensure that 
whatever chip is inserted, the supply won't 


Fig. 7. 
Front panel 


be accidentally connected to a signal pin. 

Using a voltmeter between pins 14 and 
28 of the test socket, switch on the computer 
and check that pin 28 is about 4.75V with 
respect to pin 14. (At this point other pins 
will be high too). Check the display on the 
monitor or tv to see that it is the normal 
Acorn prompt. If either are not correct turn 
off the computer straight away and check all 
connections, soldering and ribbon cable 
assemblies for faults. Check the 6522 and 
74LS02 chips for correct insertion against 
the component overlay drawing. Since the 
only supply used comes from the computer 
itself, only the most gross and prolonged 
fault will be able to damage the computer, 
but to be sure, don’t leave the computer 
turned on if there is any fault suspected. 

Further testing needs the software to be 
loaded into the computer. 


SOFTWARE 


Before using your software, make a back- 
up copy and put the original away in a safe 
place. The working disc wil! need to have its 
write-protect notch uncovered, so that new 
device files can be saved onto it. 

Insert the disc into drive 0 and press shift- 
break to auto-boot. The disc contains both 
the software to contro] Chiptester and the ic 
device files. 

Once the main menu appears on the 
screen, some machine code has already been 
run and this causes all the test socket pins to 
be cleared down except the selected supply 
pin. Using your voltmeter again, check that 
this is so. Rotate the switch to the other pin 
positions and check that the +5V_ supply 
moves correctly to each in tum. All 
preliminary testing is now complete and you 
are ready to try Chiptester with the two test 
ic chips, 7400 and 7414. A full description 
of all the software features will be found 
below. 


legends. This 
drawing may be 
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SOME TECHNICAL NOTES DATA FILE STRUCTURE 


As will be noted from the foregoing, 
Chiptester is powered from the host 
computer via a connection cable and an 
internal fuse. The 5 volt supply is thus 
nominal and typically will be about 4.75 
volts. 

Although pins 1, 27 and 28 of the test 
socket may be defined as chip output pins 
the voltages on them are not measured by 
the software and these pins should not be 
used as outputs in test specifications. There 
is no restriction on their use as device input 
pins. Naturally, this only affects the testing 
of chip sizes greater than 24 pins. Pin 14 of 
the chip test socket is always at ground 
potential. 

Note that not all pins of the Chiptester 
change logic states at exactly the same time. 
Quite apart from the small differences 
between individual pins, there are three 
separate groups of pins and also three 
separate pins that are all programmed at 
distinctly different times because the 
software can only operate on one byte at a 
time. 

Normally, this is of no consequence as no 
measurements are taken from the chip until 
after all the input pins have been set to the 
desired levels. Where the order of setting 
input pins could be important, it is best to 
use two separate tests to ensure that the 
desired sequence is maintained. For 
completeness, however, I list the order of 
setting and reading pins on the Chiptester 
socket: 


OUTPUT TO SOCKET 
(setting pin levels) 


Ist pin 28 
2nd pins | & 27 
3rd pins 2-5 & pins 23 - 26 


4th pins 15 - 22 
Sth pins 6 - 13 


INPUT FROM SOCKET 
(read pin levels) 


Ist pins 2-5 & pins 23 - 26 
2nd pins 15 - 22 
3rd_ pins 6 - 13 


Pins 1, 
socket. 


PROBLEMS 


If you get some very odd results, check 
that both connectors are plugged in properly. 
Also check with a voltmeter that the correct 
supplies are getting to the ic under test. If 
there is no +5V supply, it’s possible that the 
fuse has blown. 

Sometimes on old chips the pins are 
tarnished and this prevents good contact in 
the socket - just push the chip up and down a 
few times in the socket to scrape the pins a 
little. 


27 and 28 are not read in from the 
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Approximately 400 device files may be 
stored on an 80 track disc along with the 
operating software, and about 180 on a 40 track 
disc. As well as the operating software. My disc 
contains a data file of just over 100 popular ic 
types and option 5 in the menu allows the easy 
creation of many more. The only knowledge 
required for this is the expected operation of the 
chip, however, for those interested, each record 
consists of 349 bytes made up as follows: 


12 bytes - 10 character string - chip type 
number 

5 bytes - integer variable 
device 

5 bytes - integer variable 
5 bytes - integer variable 
definition 

5 bytes - integer variable 
this specification 

5 bytes - integer variable 
definition 


- no. of pins on 


- offset of socket 
- clock pin(s) 


- No. of tests in 


- output pin(s) 


Then follows, 28 times the next two items, in 
pairs: 
5 bytes - integer variable - input levels 
definition (or clock count value) 
5 bytes - integer variable - output levels 
definition 


Lastly: 
32 bytes - 30 character string - user message 


Definitions of clock pins, output pins, input 
levels and output levels are stored as binary 
values in 4-byte integer variables with bit zero 
corresponding to pin | on the chip socket. The 
most significant 4 bits are used for control 
purposes, such as defining a clock cycle instead 
of an input level definition. 

My 80 track disc contains three data files: 
DATA, CMOS & TTL. The file called DATA is 
the one used by the program and contains a 
compilation of various devices. If you wish to 
make several discs, each with a particular family 
of ic types, you could start by using one of the 
other two files. It will need to be re-named 
DATA and it must be the last file recorded to the 
new disc to allow room for continued expansion 
of the file length as more chips are added. 


NON-STANDARD 


SUPPLY PINS 


Some types of chips do not have their supply 
pins in the normal diagonally opposite positions. 
As Chiptester always expects them this way, a 
little trick is used to solve the problem. As an 
example, we'll take the 74LS90 which is a 14 
pin chip with supplies on pins 5 for VCC and 10 
for ground. 

Because the chip socket’s bottom left hand 
pin is at ground potential the chip will have to be 
positioned with an offset in the socket. The +5 
volt pin also needs to be dealt with and the most 
convenient way to do this is to call the chip an 18 
pin size and use two wire links for ground and 
Vcc. 
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PIN NUMBERS 
USEO IN TEST FILE 


REAL PIN 


NUMBERS 


Fig. 8. Pin number relationship when 
using non-standard chip. 


The pin numbering will be wrong and the 
chip will look bigger on the screen than is 
actually the case. Look at the file for the 7490 
and see what I mean. Fig. 8 shows how the real 
chip pins relate to the imaginary chip pins. 

Since real pin 5 is VCC the display shows a 
link between 6 and 18. Similarly a link is used 
between 9 and 13. In the files all the chip 
numbers are also imaginary, ie the output pins 
are specified as 11, 12, 14 and 15, corresponding 
to real pins of 8, 9, 11 and 12. 

If you've got a 74LS90 you can try the test 
for yourself, once the principle is understood it's 
quite easy to create files for all sorts of oddball 
chips. 


MAIN MENU 


The main menu gives options on the 
following functions: 
1. Load device from disc 
2. Edit test parameters 
3. Test device 
4. Search for unknown device 
5. Enter/edit test data 
6. Save test data to disc 
7. List devices on disc 
8. Batch test 


Next month we'll look at these in turn, and 


give you the components list. 


supply readers with a copy of 
A Ghadin tet for tho tovtinel orice ct 
£6. This includes postage in the UK, but 
overseas readers should add an extra £1 
to cover the additional postage. Please 
write to him at 10 Hardys Field, 
Kingsclere; Newbury, Berks, RG15 8EU. 
A listing of the software is available from 
the PE Editorial Office, Please enclose a 
large stamped addressed envelope. 


e left off last month just as the 
first mode change takes place. 
This is what happens next: 


FIRST MODE CHANGE 


Several changes occur at this point. IC10 
pin 3 goes low, putting [CI into its high 
impedance ‘off’ state. 1C2°s data input pin 12 
is taken low (logic 0), and gate 1C3 is opened, 
putting its outputs onto IC2’s A8-A13 address 
lincs, so allowing a different sct of address 
codes to be sent to them from a separate 
counter, IC7. For the duration of [C10 pin 3 
being high [C3 has been in a high impedance 
state and so the second counter has been 
isolated from [C2. 

ICO pin 3 also controls the multiplex gate 
IC13 and provides clock signals to the latch 
IC8b. When ICIO pin 3 is high, [C13 links 
input 10 to output 9, and input 13 to output 
12, Now that IC10 pin 3 has gone low, IC13°s 
above inputs are closed, and instead input 
pins I] and 14 are linked respectively to 
outputs 9 and 12. [C4’s clock signal now 
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comes via ICI3, not from $1/S2, but direct 
from the 4¢MHz oscillator. 

Latch IC&b controls the reset pins of the 
counters IC4 and IC8c, and the enable pin of 
IC13. On receipt of the negative-going signal 
from [C10 pin 3, IC8b is clocked and its Qa 
output pin 3 goes high. This resets [C4 and 
IC8c back to zero, and holds them there for as 
long as output Qa remains high. IC13 is 
disabled by the same change, via D7, and will 
allow no further signals through any of its 
sections until re-enabled. This condition 
remains until a syne signal is received. On 
reccipt of the signal, Qa will go low opening 
IC13 and removing the forced reset from IC4 
and IC8c, allowing them to resume counting. 

When IC10 pin 3 goes low, its pin 2 goes 
high, The output is inverted by IC11b, which 
inhibits gate IC12a, forcing its output high, 
and thus putting IC2 into read (playback) 
mode. In this state, IC12 cannot allow the 
clock signals to get to [C2’s read/write pin 9. 
ICIO pin 2 has the opposite effect for the 
second memory chip, IC6. The high level 
now allows the gate IC12b to pass clock 
signals to 1C6’s read/write pin 9. 


MEMORY TRANSFER 


Up until now, IC6 has been merrily 
cycling through all its memory cells in an 
order set by counters IC5 and IC7, which are 
under 4MHz, clock control from IC1le. 
During this time IC6 has been in read mode, 
placing its memory contents at its output pin 
8. It is now called upon to play a less passive 
role, by recording the entire contents of IC2. 
It has a moment of reprieve, though, for it has 
to wait for a synchronisation signal. This 
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Part Two: in which 

John Becker draws 

the test line on the 
goggle-box. 


signal is derived from the state of counter 
IC7, as detected by the quad-input AND gate 
IC9a. We shall see presently how [C9a is 
responsible for sending a sync signal to the tv, 
placing the notorious dot back at the start of 
screen line one. The same signal resets IC8b 
through an internal connection to [C8a, so 
enabling IC13 and allowing [C4 and [Cc to 
restart. It also resets counters IC5, IC7 and 
IC8a back to zero. 

Upon receipt of the syne pulse from IC9a, 
the system now synchronously cycles both 
memories through all address codes. The data 
contents from IC2 go from its pin 8 to the data 
input pin of IC6. With the read/write pin 9 of 
IC6 now under clock control, the memory 
records 1C2’s contents, It will continue to do 
so until counter [C7 steps its output pin 3 low 
following a previous clocked high. The level 
change is passed through IC13 from pin 11 to 
pin 9 and so once more IC10 is clocked on by 
one place. 


SECOND MODE CHANGE 


The third output of IC1O is not used 
directly. Rather, it is the duration between 
which IC10 pin 2 goes low, and IC 10's fourth 
output, pin 7, goes high that is important. 


NIBBLE 
A INPUTS 


OATA 


NIBBLE OUTPUTS 


B INPUTS 


SELECT 


OUTPUT 15 
ENABLE 


PIN 1B = Yop 
PIN 8 = GND 


Fig. 6. Logic diagram of the 74HC157 
used for IC13. 


When IC10 pin 2 goes low it puts IC6 back 
into read mode, but [C2 reverts back to write 
mode. Both memories are still under control 
from the same clock source, but IC6 now 
sends its data off to the circuit which drives 
the ty, while [C2 again cycles through its 
contents, this time erasing them! Since ICIO 
pin 3 still remains low (IC10 is a sequential 
counter, not a binary one), IC2's data input 
pin 12 is also low, so zeros are written into 
each location as it comes to the fore. 


THIRD MODE CHANGE 


The erasing condition continues until 1C7 
pin 7 is again taken low following a preceding 
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high. This again steps IC1O on by one place, 
sending its fourth output pin 7 high. Memory 
IC6 takes no notice of IC10’s step to output 4, 
and will continue to play back its data until 
IC10 pin 2 again goes high, at some as-yet 
unknown time in the future. 

Memory IC2 is again subject to change 
though, IC10 pin 7 sends its high level via DI 
to once more disable IC13. Counter IC7 is 
brought to a standstill and IC10 is prevented 
from seeing any further clock pulses until 
after it and IC13 have been reset. 


WAITING FOR SYNC 


Resetting of IC1O is basically under 
control of the input signal under investigation. 
As you will see when we look at the input 
signal conditioning circuit, there are a number 
of options available by which the input signal, 
or some other source, can be used to reset 
IC10. We need these options in order to 
synchronise the input signal to the start of 
each sample recording run. 

The signal sync pulse, from whatever 
chosen source, is applied to one input of the 
AND gate IC9b. For convenience, it’s a 4- 
input AND but two of its inputs are unused 
apart from being tied high to the positive line. 
For the gate’s output to change state we need 
the simultaneous occurrence of two high level 
signals, one from IC1O pin 7, the other from 
the signal syne source. Until this combination 
is received, IC9b’s output pin 1 will remain 
low. On detection of the dual-high condition, 
IC9b pin | will go high, so resetting IC10, 
whose output pin 7 goes low, but with its pin 
3 going high. We are now back to the start of 
the cycle, at which point [C2 begins to record 
the next batch of data. 


VIDEO SIGNAL 


Later on I shall discuss tv screen control 
signals at greater length. Take for granted for 
the moment that the control circuitry shown 
in Fig,2 must provide three signals to the tv 
interface module; the video signal, and the 
horizontal and vertical screen deflection 
synchronisation pulses. 


Fig. 7. Logic diagram for the 74HC541 
as used for IC3. 
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The video signal is basically that which 
comes out from memory chip IC6, at its pin 8. 
However, it needs inverting, and it also needs 
to be blanked off during some parts of the 
record/playback cycle. IC12c is used both as 
an inverter and as a video shut-off gate. 

In conjunction with the status of counter 
IC8a’s Qb output, [Cl2c is opened twice 
during each full frame cycle of the tv screen. 
It is closed at the start of the screen cycle, 
during which time IC2 is transferring its data 
to IC6. It is opened immediately following the 
end of the data transfer, allowing the contents 
of IC6 to be displayed on the screen as an 
appropriate waveform. It is closed again when 
IC6 has cycled through its entire contents, so 
preventing the same contents from being 
displayed a second time lower down the tv 
screen, However, at the end of that second 
cycling, the gate reopens so again the memory 
contents are available for viewing even 
further down the screen. Following that cycle 
the gate closes again, by which time the sync 
pulse which triggers the tv screen back to the 
top line is only milliseconds away, at which 
point IC8a is reset to zero, along with many 
other functions discussed earlier. 


SECONDARY BLANKING 


Although there is no basic reason why you 
shouldn’t view the same data at various levels 
down the screen, I found it disconcerting, 
which is the reason why I included the gate. 
With the single gate alone, though, two traces 
would still be displayed, except for the 
secondary shut-off condition I’ve built in. 
This uses IC6’s own enable/disable control, 
accessible at pin II, and is placed under 
control from IC8a pin 6. Pin 6 toggles high 
and low at half the rate of [C8a pin 5. It is low 
during the time that data is being transferred 
from IC2 to IC6, and during the playback 
period immediately following the transfer. 
This is a convenient fact since IC6 pin 11 
needs to be low in order to enable the output, 
a situation matching the preference to view 
IC6’s contents immediately after transfer. 
During the second period that [C12c is open, 
1C6 is now being held closed by IC8a pin 6. 
You thus only see the full data display once 
on the screen. 


PICTURE SYNC 


In the UK, we have adopted the S0Hz 
standard for the vertical screen line 
movement, and a horizontal shift rate at 
15625Hz. Synchronisation for both these rates 
needs to be sent to the tv mixed in with the 
video signal. The mixing will be described 
later. The 50Hz and 15625Hz signals are both 
derived from the master clock oscillator in 
conjunction with the counted outputs of 1C5, 
IC7 and [IC8a. 

Most conveniently, 15625Hz is a binary 
sub-multiple of 4MHz; we only need to divide 
4MHz 256 times to get this rate. All that’s 
necessary is to take the eighth output of the 
binary dividing counter chain of IC5 and IC7, 


> Counter 


Pin 16=Vcc 
Pin 8= GND 


Fig. 8. Logic diagram for the 74HC390 
as used for IC8. (Figs 6-8 are from the 
Motorola high speed CMOS logic data 
book.) 


which is at IC7’s pin 12 output. This is simply 
inverted by IC11f for sending to the tv driver 
module. 

While still making use of the binary 
counters already in circuil, deriving a 50Hz 
signal is less simple since 50Hz is not a 
binary sub-multiple of 4MHz. A close 
approximation to 5QHz, though, can be 
obtained by ANDing five of the outputs of the 
counter chain. Four outputs are ANDed into 
IC9a, which as we saw earlier is the sync 
control source which also resets IC8a. By then 
NANDing IC8a pin 7 with IC7 pin 3 at 
IC 12d, a vertical syne signal of very close to 
S0Hz, and of a suitable duration, is produced. 
Precision timing of the SOHz is not necessary 
since tvs have a vertical hold control 
accessible on the tv set. Slight adjustment of 
that control will lock the ty onto the unit's 
syne pulse. In many cases even minor 
adjustment may not be necessary. 


DIGITAL SAMPLING 


When sampling analogue signals we 
ideally need as many samples as possible to 
build up a smooth representation of the signal. 
For sampling digital signals we don’t really 
need to take any more than two samples. We 
already know that a digital signal is going to 
be either high or low. Knowing this, we can 
totally bypass the analogue to digital 
converter IC] when recording digital signals. 
(There are instances when the analogue shape 
of a digital signal is important, but if you need 
to know that sort of detail then you really 
need a more sophisticated unit than this one.) 

Bypassing IC] is accomplished by using 
its second enabling control, pin 6. Switch S3b 
in the signal conditioning circuit can be 
switched to place a low or high level onto pin 
6, respectively enabling or disabling the 
chip’s outputs. This control polarity is the 
opposite of that required by ICI pin 5, but the 
effect is the same, the outputs are put into 
high impedance in the disable mode. 

Now, instead of taking our input signal 
into IC], we take it, via R&, to the msb (most 
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significant bit) address line controlling the 
memory block code. The remaining block 
code address lines are held high via R3-R7. 
The inclusion of the resistors prevents address 
line interference when IC1 is in analogue 
sampling mode. 

When the signal via R8 toggles up and 
down, the memory sees the block address 
code swing between the equivalent of address 
63 and address 31. It is then only into the line 
cells of those two address blocks that the data 
is written. The operation of the rest of the 
circuit remains as described above and the tv 
screen will display a digital waveform. 

Originally, | used the digital input to swing 
the block addresses between 0 and 63, but 
found the screen height too great. In the 
configuration now shown, the digital swing 1s 
half the height of the maximum that an 
analogue swing can produce. 

It is not necessary to only use the digital 
sampling mode in order to view digital 
signals. They can be passed through ICI as 
though they are analogue signals. Using that 
method, though, you will not only see the 
minimum and maximum sample heights, but 
also one or more intermediate steps. These 
additional steps will vary in position 
depending on the relative phases of the 
sampled signal and that of the sampling clock. 


COUNTER CHIPS 


It is important to note that the counter 
chips have an HC coding in their number. It 
may occur to some of you that you could save 
a few pence on the unit by using the standard 
cmos 4024 or standard ttl 74390 instead of the 
HC versions. Don’t! 

The circuit is operating at a very high 
speed, up to 4MHz in some parts. The 
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standard counter chips cannot keep up with 
these speeds. Although you would find that 
each output would toggle in response to input 
clock signals, you would find that the delay 
between the clock trigger and the time at 
which the outputs changed would be too long 
to be satisfactory. This unit depends very 
heavily on its synchronisation capabilities; 
using slow response counters would result in 
disappointing screen displays. In particular, 
you would find that a lot of white dots 
appeared at random points around the 
waveform you were displaying. These would 
be due to the failure of the counters to keep up 
with recording events. 

ICI! also needs to be an HC device in 
order to allow the oscillator to generate 
4MHz. 

Decade counter IC!10 does not need to be 
an HC device since it is not called upon to 
react at a critical syne rate. Gates IC9 and 
IC12 were also found to be happy as standard 
cmos versions, 


SIGNAL CONDITIONING 


Two functions are performed by the signal 
conditioning circuit. The necessary 
synchronisation signal is extracted and set to 
the required phase, and the signal itself is set 
to a suitable amplitude. 

The syne control circuit is formed around 
IC1Sa-d. $3a selects whether the syne source 
is digital, or an analogue derivative. The 
signal is inverted by IC1]5a, from where it is 
routed via R& for use as the block address 
controller when in digital mode. It also goes 
to S4 which selects between IC15a and an 
external sync source. The latter source, if 
used, should not be allowed to exceed +5V or 
be lower than OY. 
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IC15b is an inverter, giving S5 the choice 
of selecting between inverted and non- 
inverted sync signals. This allows you to 
synchronise the sampling to either the positive 
or negative-going edges of the signal being 
sampled. 

Following $5, the circuit around IC15c 
and IC15d is configured as a pulse length 
standardiser. A  positive-going signal into 
IC15c pin 13 causes the gate output to fall, 
generating a negative pulse across C10. This 
causes IC15d’s output to go high. It will 
remain high until C10 has recharged via R21, 
at which point [C15d pin 10 will revert low 
again. 

Via the sync on-off switch S7, the positive- 
going signal goes to [C9b in the sampling 
circuit. If, by this time, IC10 pin 7 is high, 
IC9b will be triggered and so reset the 
sampling cycle back to its first mode. If IC10 
pin 7 is not high, the signal from $7 will be 
ignored. 

There are times when we don’t wish the 
sampling to be synchronised to the input 
signal. For example, when examining de or 
slow moving ac signals it is usually preferable 
to let the screen trace idle as it wants. In these 
instances, S7 can be switched away from 
IC15d, allowing a high level via S6 to be 
constantly applied to [C9b. This enables the 
sampling to restart immediately IC10 pin 7 
has gone high. 

S6 allows us to stop sampling and simply 
view the contents of memory IC6 for as long 
as we want. With sampling no longer taking 
place, IC6 will continually display on screen 
the last waveform received. It will continue to 
do so until S6 is set to the run mode again. 

So that ‘hold’ can be applied in both sync 
and free-run modes, S6 is also coupled to 


Fig. 8. Signal conditioning circuit. 
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Fig. 9. Track and component layouts 
for the signal conditioning pcb. 


ICl5c pin 12, preventing the gate from 
passing sync signals. 


SIGNAL AMPLITUDE 


Analogue signals may be too high or too 
low for the screen to display the waveform 


across the best screen area. In a_ true 
oscilloscope, signal attenuation and 
amplification would be controlled by a 


complex network of components. In this less 
sophisticated visual display unit, the signal 
level controls have been made equally less 
sophisticated, using two panel-mounted pots to 
vary attenuation and gain. 

Signals are brought into VR3, which allows 
you to reduce their level, $8 allows you to 
switch the signal directly through as a de level, 
or through CII as an ac waveform, Via C12 
and R12 the signals go to the opamp [CI4a. 
Here their amplitude can be held to the same 
level, or amplified by use of VR5, which varies 
the gain from nil to around 100 times. 

From ICl4a the signals are inverted by 
IC14b, but given no further gain, and go direct 
to the signal input of the a-d converter IC1. 

Additionally, the signals are routed to 
ICl4c, which is the syne pulse extractor. It is 
simply a comparator, the trip level of which is 
set by VR6. By varying VR6, you can set the 
point on the signal waveform at which the 
comparator changes its output state. You can 
thus choose whether, for example, you trip 


x 


- C1 


HORIZON™4L :] 
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towards the top of the waveform, part way 
down, or right towards the bottom. ICI4c’s 
output is fed to the other side of the syne source 
selector S3a, 

Back on the input to IC14b, VR4 is used to 
make minor adjustments to the de bias level 
applied to the opamp, so enabling you to set the 
final output at [C14b to a midway point in the 
absence of signals, at maximum gain of VRS. 
There is nothing critical about this pot, which 
can be adjusted while viewing the screen. It 
should initially be set to a midway point before 
making corrections. 

S3b is wired so that in the analogue mode 
IC] pin 6 has a low level on it, so enabling the 
chip. In the digital mode, S3b applies a high 
level to IC] pin 6, so disabling the chip. 


SAMPLING RATE 


Earlier in the text I referred to S1 and §2 as 
being the selectors for the source of sample 
clocking pulses. We need to be able to vary the 
sampling rate so that we can always show a 
reasonable cross section of a waveform 
irrespective of its frequency. If we were to keep 
a fixed sampling frequency, we would find that 
some signal frequencies would fill the screen 
with too much data, whereas others would not 
provide enough. 

The sampling routine is independent of the 
display memory read out during the entire 
sampling period. It does not matter, then, how 


UHF 
MODULATOR 
(SEE TEXT) 


long the sampling period takes. We could let it 
take a week or more if we wanted and had a 
slow enough clock source. 

If you wanted to take a really long time with 
the sampling, you would plug an external clock 
generator into the external clock socket SK3, 
switching S2 to its external setting. R22 
provides a certain amount of protection against 
adverse clock signal levels, but you should still 
take care that they do not exceed +5¥V or fall 
below OV. 

It’s more likely, though, that you will wish 
to use the unit’s internal clock, You have a 
choice of 15 different sampling frequencies, 12 
selectable by $1, the other three by $2, Starting 
off with the highest frequency of 4MH~z. direct 
from the oscillator around IC]le, $1 selects in 
turn successive outputs of the binary counter 
chain IC5 and IC7. Each output selected runs at 
half the rate of the preceding one. The lowest 
three counter outputs are selected by switching 
52 away from $1 bringing in the signals from 
IC7 pins 3-5 (marked as AII-A13 on S2 in 
Fig.2). Each time you divide the sampling 
clock rate by two you enable a signal twice the 
previous frequency to cover the same span 
across the screen. 

Whatever the sampling clock source, once 
memory 1C2 is full, as indicated by the status 
of counter [C8c, the sampling will end and high 
speed transfer to [C6 take place at the 4MHz 
rate. Following which = sampling — can 
recommence, depending on the settings of the 
various sync control switches. 


Fig. 10. TV interface 
circuit diagram 
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TV INTERFACE 


The tv interface module used by this unit is 
identical to the one | built to let my semi- 
defunct Commodore 3032 drive a tv screen, 
Circuit-wise there is barely anything to it, but 
you will be interested to know a bit about the 
theory once I’ve described the functional 
practicalities. (Owners of 3032 machines who 
have the book The Pet Revealed should view 
the interface circuit given there with caution. 
There appear to be errors in the pin numbering 
shown. My version is simpler, and I’ve proved 
its workability!) : 

Basically, the circuit shown in Fig.7 is 
simply a mixer which combines the video 
signa] with the horizontal and vertical syne 
signals, sending them as a single signal to a 
uhf (ultra high frequency) modulator. The 
modulator’s output is fed direct to the tv aerial 
socket, where it is seen by the tv as just 
another signal, though without sound and 
colour data, 

The video signal from memory [C6 via 
gate IC12c is inverted by [Cld. D3 ensures 
that only the positive aspect of ICld’s output 
has any affect on the remaining circuit. 
Between them, VR3 and R2 attenuate the level 
to suit the ty video detection circuit. 

The horizontal syne signal, running at 
15625Hz, needs a bit of minor modification, 
It’s taken via the inverter ICla to have its 
pulse length changed. The length of the pulse 
tells the tv at which point across the screen the 
lines should begin (see later). Cl and VRI 
plus RI set the pulse length in a manner 
similar to that used with IC15b in the sync 
extractor circuit, except that here we can 
change the pulse length by using VR1. D1 is 
included keep the pulse height to within 
acceptable logic levels, The re-timed pulse is 
inverted by IClc, after which D2 performs a 
similar function to D1. VR2 sets the level to 
suit the tv’s sync circuit. As you see, both 


TV INTERFACE 
COMPONENTS 


RESISTOR 
Rl 1k 0.25W 5% carbon 
film 


CAPACITORS 


470p polysterene 
33u 6.3V electrolytic 
100n polyester 


SEMICONDUCTORS 
D1-D3 IN4148 (3 off) 
IC] 4011 


POTENTIOMETERS 
100k preset 
4k7 preset (2 off) 


MISCELLANEOUS 

UHF modulator UM1233, 14-pin dil ic 
socket, aerial lead with plugs to suit, printed 
circuit board, pcb supports (4 off) 
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signals are combined at the input to the 
modulator. 
Vertical syncing does not require the addition 
of another pulse. Rather, it is achieved by 
stopping the horizontal pulses from reaching the 
modulator, The vertical signal simply opens and 
closes ICIb, so controlling the 
horizontal signals through the gate. 
The uhf modulator is bought as a ready-made 
component. It is manufactured and preset to 
generate a uhf signal which is then modulated 
by the combined video and sync signals. You do 
not need to adjust the modulator. It is pre-tuned 
to tv channel 36, all you need to do is plug it in 
to the tv aerial socket and then tune your tv 
controls to that channel. 


POWER SUPPLY 


The entire circuitry of main unit, 


signal conditioner and video 
interface need to be run from a 
stabilised SV power — supply. 


Provision has been made on the 
main pcb for a 7805 5V regulator 
(IC16) to be mounted on it. With this in 
place, a non-regulated de supply of around 
9V can be brought into the regulator’s input 
via pcb point 33, with the OV line going 
into point 32 or 53. If you want to run the 
unit from the mains you could use a battery 
eliminating adapter to supply the 9V to 
IC16, in which case a_ largish-value 
capacitor of 470uF or 1000uF, at 16V to 
25¥V rating, should be connected across the 
power input lines at the pcb to reduce the 
adaptor’s output ripple voltage. 
Alternatively, a mains power supply may be 
used, of which many examples have been 
published in PE. DO NOT apply mains 
power or any other ac power source directly 
to IC16, or allow any voltage other than 
+5V dc to reach the subsequent circuits. 


UHF MODULE CHECKING 


You can check out the modulator and tv 
tuning without the sampling circuitry in 
operation. Connect the module to the tv and 
switch on the tv and the power to the 
module. 

Unless your tv is already tuned to 
channel 36, you will probably either see a 
poor picture of a regular tv broadcast 
channel, or a lot of ‘snow’ on screen. Turn 
the tv tuning control slowly across its range. 
Once you get close to channel 36 the tv 
screen should start clearing, showing a 
uniform brilliance. Continue tuning until 
the screen is as clean as possible. Switch off 
the modulator and the tv screen should 
show ‘snow’ again. Switch back on and 
once more a clear screen should result. If 
the screen does not show ‘snow’ when 
switching off the modulator, you could by 
chance have tuned to another channel 
responding to another broadcast signal. If 
so, switch the module on again and 
continue tuning. 


flow of 


ViOEO INPUT 
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Fig. 11. Trace and component layouts 
for the TV interface pcb. 


SYNC AND VIDEO SETTING 


The setting of the sync and video 
controls requires that you have 
satisfactorily completed the main circuit. 
That completion, though, requires that you 
have completed the video alignment. A ‘lift 
yourself up by your boot laces’ situation! 
The two sets of checking really go hand in 
hand, but I'll detail the video completion 
first, and then look at the main circuit 
finalities. 

Turn down VR3 to stop the video 
coming through. Turn up VR1. If the blank 
picture appears to be rolling, adjust the tv 
vertical hold (frame hold) control unul it 
stops. Now adjust VR1 until the left or night 
hand screen sides show a discoloured area. 
Now turn VRI the other way until the 
picture is uniform and has no jagged edges. 

Assuming that the main unit is sampling 
signals, turn up VR3 allowing the video 
signal to pass through to the tv. You should 
now see a representation of the waveform 
on screen, though probably not yet in a 
fully recognisable form. 

You are likely to find that the relative 
settings of VR1-3 may need adjusting to get 


Fig. 13. Wiring diagram. 
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the best picture, and that the tv frame hold 
may need slight readjustment. You will not 
damage the tv by incorrect settings of VR1-3. 


MAIN UNIT CHECK OUT 


Assuming you have assembled the boards 
and controls correctly, the full unit should work 
first time. Check the digital sampling aspect 
first. 

Switch both S1 and $2 to positions 1, so 
routing the 4MHz clock to the sampling circuits. 
Temporarily remove the wires to pcb points 19 
and 25. Connect a lead from SI position 3 or 4 
to R8 at pcb point 25, and connect another lead 
from point 25 to point 19. These connections 
send a square wave signal to memory IC2 and to 
the sync point of [C9b. Switch on and view the 
tv screen. You should see severa] ups and downs 
of the waveform displayed. 


TEST POINTS 


I have allowed two test points on the board to 
enable you to check the video aspect at earlier 
stages should you need to, Test point 1 (pcb 
point 20) and test point 2 (pcb point 54) are 
connected to the outputs from memories IC2 and 
1C6, respectively. Either of these points may be 


RUN /HOLD 


LOGIC/ SYNC SYNC RANGE RANGE 
Ac/oc ANALOGUE +/— INT/EXT 2 1 
33 $5 Se 


VRS VR3 
ANALOGUE ANALOGUE _SK1 SK2 SK3 
GAIN INPUT SIGNAL EXT XT 
LEVEL IN SYNC IN CLOCK IN 


ADDITIONAL PCB LINKS 


PCB PIN 16 video output 
PCB PIN 17 vertical output 

PCB PIN 18 horizontal output 

PCB PIN 30 OV output 

The above pins go to the equivalent pins 
on the video pcb, 

PCB PIN 20 test point | 

PCB PIN 54 test point 2 (see text for test 
point info) 

PCB PIN 21 link to PCB PIN 52 

PCB PIN 22 link to PCB PIN 43 

PCB PIN 23 link to PCB PIN 44 

PCB PIN 25 link to PCB PIN 51 

PCB PIN 28 link to PCB PIN 42 

PCB PIN 31 link to PCB PIN 41 

The right hand column of pcb pins is on 
the Signal PCB. 


connect to the video input of the video interface 
board instead the lead from IC12c (pcb point 
16). 

1C2's output will produce a random display 
of dots and lines while recording the sample and 
while resetting back to zero. During transfer of 
data from IC2 to IC6 the waveform should be 
clearly displayed on screen, though as a dark 
trace on a light background (since the signal is 
bypassing the inverter gate IC12c). 

IC6’s output should cause several copies of 
the waveform to be displayed following each 


other on screen, leaving some screen areas 
blank. The image will again be a darker trace on 
a lighter background. 

Should you not see satisfactory results on 
screen it is likely that you have made an error 
during assembly. It is unlikely (though vaguely 
possible) that the chips are at fault. Recheck all 
your work, paying special attention to looking 
for bad joins or solder shorts across tracks. 


DIGITAL SYNC CHECK 


Having established that the digital signal is 
being displayed, switch off and remake the 
proper connections to pcb points 19 and 25. 
Take the temporary connection from $1 now to 
the signal input socket. Switch 53 to digital 
mode and switch back on. Experiment with all 
settings of S4-S7 observing the screen and 
noting what they do. 


ANALOGUE CHECK 


Still using the digital signal the analogue 
circuits can be checked, though not aligned. 
Switch $3 to analogue, turn VR3 fully up 
(max input level), and VR5 to minimum (nil 
gain). Set WRI, VR2 and VR6 midway and 
$8 to ac mode. You should again see a digital- 


Fig. 13. Suggested front panel legends which may be photocopy enlarged and fixed to the front of the unit's case. 
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Al cle 


type signal on screen, but at a different height 


to that seen in digital mode, and with addition 
of extra sample bits moving up and down the 


vertical edges of the trace. 

A sine or triangular waveform is needed 
for aligning IC1 and hopefully you’ve got 
access to a signal generator for producing it. 
(If you haven't a sig-gen the alignment can be 
done when any other sort of known signal is 
being fed in.) Bring in the signal in place of 
the temporary connection to $1. Set VR1 and 
VR2 to put 5V on ICI pin 9 and OV on ICI 
pin 10. These levels set IC1 for its maximum 
reference range in which only a full input 
voliage swing will produce a maximum 
output count swing. 

Turn up or turn down the signal input level 
until the screen shows the waveform to have 
flat tops and bottoms. This indicates that 
[Cl4a is just beginning to clip the signal. 
Adjust bias control VR4 until the clipping is 
symmetrical. Slightly reduce the input level 
until] the waveform is no longer flattened. 
Progressively reduce the settings of VR1 and 
VR2 in turn until once more the signal is 
flattened uniformly. You will also notice the 
height of the waveform increases as VRI and 
VR2 are reduced, due to the reference voltage 
span being reduced, 

Now very slightly turn both presets the 
other way until the signal resumes its better 
shape. The circuit is now aligned, though you 
may find you need to make slight adjustments 
once you've put the unit into prolonged use 
and are more familiar with it. 


VARIABLE SYNC AND 


CLOCK 


You’ve probably already been playing 
around with the syne control VR6 and seen 
how the screen waveform shifts backwards 
and forwards depending on the point at which 
the sync signal trips. And you probably had to 
switch S1 to a different setting in order to 
display a usable waveform on screen when 
plugging in the signal generator, so you'll 
know how that works too. If you haven't, try 
both actions now! 


SWITCH SI RANGE POSITIONS 
f (clock) 4MHz 0.25ps 
f/2 2MHz 0.5uUs 
£/4 IMHz Is 
£/8 S$00kHz 2us 
t/16 250kHz 4us 
£/32 125kHz Sus 
f/64 62.5kHz l6ps 
f/128 31,25kHz 32uUs 
£/256 15.625kHz  64ps 
7.8125kHz 128us 
3.90625kHz 256us 
1.953125kHz 512us 


f/512 
£/1024 
f/2048 


SWITCH S2 RANGE POSITIONS 
to Sl (f to £/2048) 
£/4096 976.5625Hz 1.24ms 

3 £/8192 488.5625Hz 2.48ms 
f/16384  244,140625Hz 4.096ms 
external clock 
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Fig. 14. TV sync and timing waveform data. 


TV POSTSCRIPT 


Purely for interest, a diagram (Fig. 14) and a 
few notes on the nature of the tv signal normally 
received by your set (this data may not be 
appropriate for overseas readers): 

Although it has been said earlier that the 
vertical syne frequency is 50Hz, a more 
complex situation exists. The normal 625 lines 
which form a picture are not transmitted as a 
single sequence. Instead, the data is sent as two 
groups each of 312.5 lines. Each group is known 
as a field (once upon a time referred to as a 
frame, the term probably having its origins in 
film making). The two fields are placed in 
slightly different positions on the screen, the 
lines of one group being ‘interlaced’ between 
those of the other. The transmission rate for each 
field is 25Hz, but the total time to transmit both 
fields before the cycle recommences gives a 
repetition frequency rate of 50Hz. It is the field 
frequency rate that determines the line 
frequency of 15625Hz, ie 25 x 625. Each line 
period corresponds to 1/15625Hz, which is 641s 
in duration. 12s of this contains the line sync 
information. 

The vertical repetition rate of 50Hz can be 
otherwise defined by saying that each picture 
lasts for 20ms. About 1.6ms of this is used for 
the field pulses. This 1.6ms corresponds to 25 
lines plus one horizontal blanking interval, 
during which the tv video signal is also blanked. 
(Blanking of the video signal in the module 
described above was found to be unnecessary in 
this application.) The interval includes 2.5 line 
periods, a total of 160ps followed by a field 
pulse chain, also lasting for 160s. 

In the UK, the video bandwidth is nominally 


5.5MHz and only 575 of the total 625 lines are 
actually seen on screen. The remaining 50 lines 
occur during the vertical ‘flyback’ period when 
the dot flies back from the bottom of the screen 
to the top. During this time the screen is blanked 
so the flyback is not seen. 

Readers who want to know more about tv 
and video are referred to the Video Handbook - 
2nd Edition by Ru Van Wezel. All aspects of the 
subject are covered, including tv technical facts 
and standards, video cameras, transmission and 
reception, picture recording, audio, production 
techniques, and much more. It is published by 
Heinemann Newnes as ISBN 0-434-92189-0. 


EYE OPENING 


Much has been said about the theoretical and 
practical aspects of this circuit. 1 hope you have 
found it interesting and informative. I also hope 
that you will build the circuit, either for any of 
the reasons I gave at the start of the article, or 
just for the sheer enjoyment of building a circuit 
the likes of which you probably haven’t come 
across before. For me, designing it has fulfilled 
a challenge I recognised years back, and | have 
had a great deal of enjoyment from doing it. 
May it open your eyes to wider appreciation of 
the fascinating world of electronics. 
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since ail 


lectricity and gas meters are unique 

instruments which differ profound- 

ly from the fast changing area of 
instrumentation for measurement and 
control. For process control, the aim is to 
obtain information very quickly in a form 
that can be fed back for control or as a 
precise figure for accountancy and record 
purposes. House meters get read every few 
months and the accuracy only determines 
the fairness of one bill against another. 

One aspect of domestic metering which 
is more difficult is due to the highly variable 
nature of the demand. For long periods, say 
overnight, the load may be virtually zero 
and then suddenly change to its maximum 
without’ warning. It is therefore the 
rangeability of measurement which is more 
important in its accuracy at any one value. 
Thus the main criterion from the supplier’s 
point of view is the minimum reading that is 
reliable. This led some 50 years ago to much 
work on meter bearings and starting torque, 
since unless the pilot consumption is 
registered, the loss to the company is 
significant. 

Because such meters are mechanical in 
principle, the limiting factor is friction, and 
this varies with time. While improved 
bearings and materials can reduce the 
effects, the elimination requires an entirely 
different principle. The most obvious is 
electronic operation and of course such 
electricity meters are now available. 
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Robert Redding 


offers a new 
prospect for 
residential 
metering and 
communications. 


research, some 12 companies responded and 


after six months’ evaluation, it was announced 
that they would sponsor four schemes. One 
was fluidic and three were electronic; two of 
these were based on ultrasound, and resulting 
contracts were due to be assessed at the end of 
1989. 

The decision surprised some traditionalists, 
and led to headlines such as “Revolution in the 
Meter Cupboard” (1) and “British Gas Goes 
Electric: as long as it runs on batteries”. (2) 


READING COSTS 


If, however, one looks basically at the 
business of domestic supplies or accountancy, 
then it becomes quite clear that the cost of 
reading the meter far exceeds the cost of the 
meter itself, and until the bills have been 
issued, the measurement is virtually useless. 
What is required is an automatic billing 


procedure, and we need the’ meter’s 
information as an electrical digital signal 
which can print the bill! The major problem is 
how to get the information to the right place, 
and though the telephone line is the obvious 
answer, previous attempts at using this and 
combining forces with other services, seem to 
have failed (3). 

Personally, | would go further and suggest 
that the function of the residential meter is to 
ensure the safe delivery of the service at the 
house in an easily controlled manner. If we 
have a digital gas flow measurement system, 
then the storage and recovery of information, 
and its processing and use for all sorts of 
purposes, is inherent as well as the ability to 
print out the bill automatically. The main 
problem is how to get the information from the 
gas main to the point where is can be used; 
how we measure it is secondary. 


ORIGINS 


It may help to explain such a radical 
proposal if I outline how I arrived at it. About 
1946 I was involved in the telemetry of gas 
stocks as shown by the height of gas holders. 
The “transmitter” had evolved from work on 
electricity meters by George Shotter of 
NorthMet and was intrinsically safe from 
explosion. The information was transmitted on 
a telephone line to head office, so the hazards 
of the problem are not new! 


UID 


The trends in fluid flow measurement 
generally have been towards electronic 
operation, either’ by detecting the movement 
of a turbine blade or vortices in the stream, or 
directly by magnetic field effects and 
ultrasound. Obviously, the “non-invasive” or 
electronic type are inherently attractive, even 
if less easily accepted for such an important 
measurement, where the differential pressure 
across an orifice has ruled for a century. 
Recent interest in a fresh gasmeter may 
change the outlook. 

The traditional domestic gas meter works 
by counting the number of times a bellows 
fills and empties, and has been virtually 
unchanged for a century. In the last decade 
there have been attempts to make a smaller 
version and locate it outside the premises. 
Soon after British Gas became a PLC, it 
called a meeting to promote “The Gas Meter 
for the 21st Century”. 

Some of the 100 manufacturers expressed 
apprehension about disclosing new ideas 
against yet another specification for a gas 
meter costing about £30, but it was insisted 
that the PLC’s job was to supply gas, not 
compete with the instrument industry. 

Given five months to come up with 
proposals for further development and 
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FREQUENCY 


MODULATION iN 


POLYLINE METERING 


DEMODULATION 


Fig. 1. Simple basic principles of continuous-wave ultrasonic flowmeters. 


Fig. 2. Various configurations for 


conductors in polythene pipe walls. 


However, the buzz term in 1950 was 
Automatic Control, with the accent on 
pneumatic devices of American origin. I 
joined the company which made the first 
electronic process controller in 1951, and 
there followed ten halycon years for the 
instrument industry. We had the right ideas, 
but unfortunately it was not soundly based 
commercially, and the initiative moved to the 
USA in the early 60s, I tried my hand at 
computer-aided design of process plants in 
the hopes of making them controllable, but 
that was way ahead of its time too. 


SAFETY 


Intrinsic safety had been pioneered in 
mining in the UK, but there was a new 
context, A large petrochemical complex 
might have a lot of individual ‘safe circuits’, 
but there were severe doubts about the safety 
of control systems as a whole, and this was 
where the zener ‘safety barrier’ came to the 
rescue, Many new areas adopted electronics 
for duties such as remote control, security 
and fire alarms, and new headaches arose on 
North Sea oil rigs. 

Such work caused me to try to evolve a 
gas detector to measure the amount of gas in 
the atmosphere long before it reached the 
explosive limit, that is, a pattern recognition 
early warming system, and an ultrasound 
system was evolved for this purpose. Most 
ultrasonic sensing uses the pulse techniques 
of emitting a pulse and measuring the time 
period until a reflection is received. This was 
problematic in the open air, and led to an 
ultrasonic carrier beam, on which a lower 
frequency modulation was phase-locked. It 
gave an extremely sensitive measure of the 
transit time as a frequency, but was not 
popular, Its eventual slow evolution as a 
transducer and particularly as a flowmeter 
was described recently (4). 


FREQUENCY KEY 


The key to solving the problem is that the 
information signal takes the form of a 
frequency. Since the 1950s there have been 
advocates of transmitting information as a 
frequency but the analogue 4-20mA which 
replaced the earlier 3-15 psi of pneumatics, 
has ruled the petro-chemical industry so that 
a turbine or vortex flowmeter has its natural 
frequency output invariably turned into a dc 
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analogue in order “to conform with industry 
standards”. Such ironies are now beginning 
to show in digital control system and data 
highways. 

The special property of a frequency in 
carrying information is that the fundamental 
frequency can be recovered in spite of severe 
distortion and attenuation in the transmission 
path. 

Using a frequency also neatly kills the 
analogue to digital controversy and any need 
for conversion, because a frequency signal 
can be both at the same time, as will be seen 
in principle in the ultrasonic gasflowmeter of 
Fig.1. 

The phase-locked loop frequency that 
settles between two transducers across a pipe 
will be the same, whether the sound travels 
from’ A-B or B-A, If, however, the fluid in 
the pipe moves, the apparent frequency will 
change, ie the doppler shift will add in one 
direction and subtract in the other. This 
difference is a direct translation of fluid 
motion into Hertz. Numerically it is 2Hz per 
metre per second of velocity. Notice that all 
other effects, such as the temperature and the 
nature of the fluid itself affect the actual 
frequency values equally, but the difference 
is a fundamental measure of motion alone. 

Whether one uses a_ carrier and 
modulation and in what form depends on the 
size and duty required but in principle all that 
is known about frequency modulation on 
radio applies, and seems to work better on 
sound waves which are many times slower, 
perhaps because the attenuation varies as the 
square of the frequency. 


CORRECTION OF 


VARIABLES 


Once we have the fluid velocity expressed 
in Hertz, we can correct for any variable we 
know about, such as pressure, temperature, 
density, to give mass or energy as required. 
The important point about the prime 
measurement is that it is linear, continuous 
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10-1000 PREMISES PER SUB-STATION 


and can be scaled to suit large and small 
conduits. 

The time between reversals can be made 
one second, several minutes or even one hour 
if the temperature is stable, and this is the 
reason for saying that the best location for the 
meter is buried underground with the pipe 
before it enters the premises, The limit of 
performance is set by the need to keep the 
ambient temperature steady during the whole 
cycle of reversal while counting the 
frequency up and down, to leave a digital 
remainder, which, related to the test period, is 
a difference frequency whose period is an 
analogue value of the flow, and the number 
of cycles is the total volume. 

The digital frequency signal is of course 
just right for communications on the public 
telephone line, were it not so overloaded! and 
even more so on the fibre optic cables when 
we get them to each house, but this is 
currently in considerable doubt. (3) 


COPPER INSERTS 


However, if we bury the’ meter 
underground we shall need connections 
alongside the pipe (and indeed it is quite 
usual to put a telephone cable alongside 
plastic water and gas pipes) in order to find 
where they are before making excavations. 
The nub, though, of my proposal is that we 
can incorporate two small strips of copper in 
the wall of the gas (or water) pipes and so 
make a connection from each house and its 
meters, and on to the end of the street where 
a local sub-station can connect with the trunk 
telephone and fibre optics network. 

The implications of this proposal, referred 
to for short as “Polyline”, are profound. The 
regular material for new underground water 
and gas pipework is polyethylene in long 
continuous lengths jointed by fittings with 
inbuilt electric heaters. The wall is thus an 
ideal electrical insulator for a broad band 
communication circuit, and Fig.2 shows a 
number of possible configurations for wires or 
striplines. 


Fig. 3. District layout of pipework and 
sub-station for node with services. 
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Fig. 4. The modem and meter electronics as a line-mounted unit. 


Such a ‘free’ gas pipe circuit is worth 
consideration now that the fibre optics to each 
household appears a costly overkill. Fig.3 
outlines the way in which a new housing estate 
could be wired for the various services to a 
substation which could contain intelligent 
apparatus for switching and accounting for extra 
services, and even acting as a_ telephone 
exchange for mobile and cordless phones. 


LINE POWERING 


The inherent advantage of such a metallic 
system using no extra material or fresh 
techniques, is that it could (like the local 
telephone service at present) be line-powered so 
that devices connected to it could use a central 
battery, rather than every item being dependent 


on its own source of power. To me, this seems a 
point which has been missed by the advocates of 
fibre optic cables. They do not get rid of copper, 
for we need electricity at each end and every 
item on it in order to make fibre optics work! 

The technique of line powering, which is 
vital feature of the 4-20 mA discussed above, is 
inherent in telephone systems and open to much 
better exploitation now that circuits work better 
as the energy level falls, and already there are 
line-powered modems that fit into portable 
computers, and send data from sites without a 
power supply. In these, fibre optics provide the 
necessary isolation, in an opto-isolator! 

Fig. 4 shows a line-powered modem for 
connecting mains operated equipment to a 
telephone line, and the simplified circuit that 
would be used on Polyline is given in Fig. 5. A 
welded joint fitting would contain a small chip 


Fig. 5. Fitting the meter to pipeline by electric welding fittings. 
Fig. 6. Roadside kiosk interfacing Polyline with ISDN fibre optic trunks. 
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which does the modem amplifying and 
conditioning, as well as the isolated impedance 
matching of the input/output circuits. 

The COHMOD gas meter has been shown to 
work on | mA at 5 volts, using readily available 
standard components, so that a small local 
battery of 10 volts would provide a regulated 5 
volt supply, and a capacitor would drive, say, a 
solenoid valve and act as a back-up source. 

The magnitude of the current taken by a 
meter is very pertinent for both gas and water 
and the continuous wave system is very efficient 
since the energy is used only to make up the 
frictional losses in the very weak ultrasonic 
beam it maintains, It could sleep for much of the 
time with little error. Considerably more energy 
is required for pulse operation, and other 
methods such as heat flux and electro- 
mechanical transducers tend to be too greedy for 
battery operation so the Polyline may well be of 
service to them. 


CONCLUSIONS 


A new gas meter is imminent, indeed one 
featured by Gareth Roberts in the 1989 Royal 
Institution Christmas lectures uses a_ silicon 
microchip chemically etched to form a lever, the 
bending of which was demonstrated with a fan 
and shown on an oscilloscope. It is, however, 
only part of a much bigger puzzle which could 
precipitate advances in other areas and | would 
like the opportunity used to integrate all 
domestic communication and metering, merging 
it into the background of what we now know as 
PSTN (Public Switched Telephone Network), at 
the start of the Integrated Services Digital 
Network, as in Fig. 6. 

Only a tiny part of the potential is outlined; 
intelligence built into the gas meter gives 
complete control and monitoring of the gas 
network either by head office or by the 
consumer using a simple handheld computer. 
Patter recognition would warn if the demand 
changed from the norm, and testing of the entire 
network for leaks could be an automatic 
procedure in the background. 

Finally, I wouldn't have dared to write this 
two years ago, but because the beneficiaries are 
shareholders in the privatised organisations who 
will benefit so greatly by cooperating together, 
the engine of change may well have been 
primed. 
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[History OF TECHNOLOGY 


hm is a name which is synonymous 

with the most basic electrical and 

electrical theory. In fact every 
school boy who studies physics will have 
heard of Ohm’s Law and will be familiar with 
the ohm as the unit of resistance, Yet behind 
the unit and the law was a very real man. 
Someone who performed experiments with 
phenomena which were at the fore front of the 
science of the time. He was someone who had 
to take the criticism and ridicule of others of 
the time who did not agree with his findings. 
He was also a person who had a great insight, 
he was able to develop his theories with only 
the most basic measuring techniques and 
equipment, 


EARLY YEARS 


Georg Simon Ohm was born on the 16th 
March 1789 in a town called Erlangen in 
Bavaria which is now part of West Germany, 
He was the eldest of three children born to 
Wolfgang and Maria. 

His father was a locksmith who had a keen 
interest in the science of the day. He taught 
his children a lot of what he had learned and 
this was to pay off for some of them in the 
years to come. 


ore G. ¥ ft bons . 
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The Institute of Electrical Engineers 
kindly supplied this photo of von 
Rumann's bust of Georg Ohm. 


this set up he was able to derive a new 
relationship and this turned out very much 
like the form which well all know now. 

When he was certain of his findings he 
published a paper, hoping to gain further 
recognition. However, there were inevitably 
some of the established scientific community 
who treated his findings with a great deal of 
scepticism. They even ridiculed him in the 
scientific press. A few people, though, 
recognised his work, and he was able to move 
on to Berlin to proceed with further research. 


CAREER IMPROVEMENT 


Much of Ohm's time was now devoted to 
his research. He also wanted to become a 
professor at a leading university and he 
accordingly set out to do this. 

The first step which Ohm took was to 
publish a book summarising his work, This he 
did in 1827 in a book called “Die 
Galvanische Kette Mathematisch Bearbeiter’, 
(The Galvanic Circuit Investigated Mathe- 
matically). He also invited offers of a job 
from the academic institutions but as his work 
was received so indifferently none were 
forthcoming. As a result of this Ohm decided 
to resign from his post as teacher at Cologne 


GEORG OHM 


The young Georg entered secondary 
school at the age of 11 years and he showed 
he was a bright student. He went on from the 
secondary school to University at Erlangen in 
Bavaria in 1805. Ohm made a good start 
there, but like for so many young people 
today the social life seemed to have far 
greater attractions and his studies took second 
place, After just over a year he had to leave 
and bear the anger of his father who had so 
many hopes for his eldest son. 

At this point Ohm took up teaching as he 
had a firm grounding in the subject from his 
earlier years. He started in Switzerland and 
remained here for five years, 


FOUNDATIONS LAID 


Ohm returned to Erlangen having learnt 
some of the hard truths about life. This time 
he set to work and soon obtained a PhD. Now 
he decided that he wanted to make something 
of his career, He took up teaching with the 
idea of becoming a university professor. He 
spent a few years moving from one post to 
another without any real degree of success. 
He decided to publish a book on geometry to 
gain more recognition. This he did and 
fortunately it worked for he soon became a 
teacher in Cologne at the Jesuit’s College 
which was very well respected. 


THE LAW DERIVED 


It was 1820 and the phenomenon of 
electromagnetism had only just been 
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lan Poole reveals that 
Ohm, although an early 
researcher into 
electromagnetism, only 
received widespread 
recognition post- 
humously. 


discovered. Ohm was fascinated by it and 
started to experiment. He performed many 
experiments and measured the various effects 
associated with it. The science was a very 
different one to that of today. Even the most 
basic measurements were quite difficult to 
make with any degree of accuracy. 

There were no meters as we know them 
today. Instead the magnetic force around the 
conductor was measured. By doing this Ohm 
noticed that the type of conductor had an 
effect on the magnetic flux. He performed 
many experiments to try to determine any 
relationships that might exist. Despite many 
difficulties because the science was at its very 
foundation Ohm came up with a relationship 
between the current, voltage and the 
properties of the wire. Unfortunately it was 
not Ohm's Law as we know it today because 
it even included logarithms. 

Ohm continued his work and refined his 
results. He managed to improve the batteries 
which were a major source of error in high 
results and he also used several pieces of 
similar wire, but of different lengths. Using 


and take up temporary teaching. This would 
enable him to take up any appointments if 
they did arise, During this time he found that 
his work was just beginning to be accepted, 
but even so nobody wanted to offer him a job, 

Then in 1833 Ohm did manage to secure a 
better post. It was as professor of physics in 
Nurnberg at what we would call a polytechnic 
today. 


LAST YEARS 


The true importance of Ohm’s work slowly 
began to be recognised, and with this came a 
number of honours. In 1839 he became a 
member of the Berlin Academy. Then in 1841 
the Royal Society in London awarded him the 
Copley Medal and a year later he was made a 
foreign member. 

Finally, in 1852 he was appointed 
professor of physics at Berlin University. 
Unfortunately he was not able to enjoy this 
for long as he died shortly afterwards on July 
16th 1854 in Munich. 

After Ohm’s death his work achieved more 
acceptance. Many societies and organisations 
saw the need for units of resistance. In fact it 
was the British who saw fit to name their unit 
of resistance after the great Ohm himself. 
Then in 1881 this unit was adopted by 
international agreement at a conference and 
Ohm’s name was made immortal. Finally he 
had achieved the recognition he wanted 
during his life time. 
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The world's smallest VHS camcorder, the JVC GR-AX70 


INY CAMCO 


ERS 


Since Sony introduced the almost vestigial 
8mm HandyCam video camcorder last year, 
which is still the smallest camcorder on the 
market incidentally, a rash of tiny new 
camcorders from other manufacturers have 
appeared and some of them utilise some 
pretty smart technology. Olympus — has 
resorted to artificial intelligence “fuzzy” logic 
in an effort to make the autofocus mechanism 
of its VX8Il camera work more sensibly in 
conditions where the subject can’t be held 
firmly in the sight of the focus sensor, in 
action photography for example. Panasonic's 
PV-40 VHS-C Palmcorder also uses fuzzy 
logic to provide an clectronic — picture 
stabilisation feature. This attempts to damp 
out the problem of camera wobble, a common 
problem with the new generation of light- 
weight cameras. JVC doesn’t claim = any 
clever Al technology for its GR-AX70 
camera, though it is the smallest WHS-C 
camera in the world. 

You will recall that Barry Fox looked at 
fuzzy logic focussing in PE Sept 90. Ed. 


Panasonic's PV—4066 Talking VCR 


TALKING AND WIRELESS 
VIDEOS 


JVC may not use Al technology in its 
camcorders but AI does creep into the 
specifications of its televisions. For example, 
if you can’t decide which soap to watch, your 
JVC tv will help you by informing you how 
popular programmes are in your household. 


Al and fuzzy logic maintain optimum focus and exposure in the Olympus 


VX-81 8mm camcorder. 


HOME-BASE 


lan Burley may be foot-sore 
after the Summer Consumer 
Electronics Show in Chicago, 
but his enthusiasm for what 
could be coming our way is 
full of vitality. Here's his 
second report. 


"Ornate 


The ty — actually remembers — which 
programmes are watched and can produce a 
sort of domestic ratings list on-screen. The 
set will also remember a particular viewer's 
preferred volume setting, Naturally, picture in 
picture, video freeze, split screen and multi- 
channel indexing are all standard as well. 

If you're never sure that you've 
programmed your video correctly, how about 
a video which tells you? Voice confirmation 
of video programming is now featured on 
Panasonic’s new PV-4016 and PY-4066 
video recorders. The videos will also say 
“start, stop, rewind,” ete to confirm the 
command. 

The newest craze to hit the American 
tv/video market looks like being wireless 


video, Several companies demonstrated 
prototype wireless adaptors, basically 
compact short range transmitters and 


receivers which plug into tvs, videos and 
even video cameras. The range is limited to 
about | 20 feet. This means you can take your 
portable tv out by the pool and watch your 
favourite video, for example. And of course 
any number of tvs will be able to show the 
recording being played back by one ver 
without any cable spaghetti. 

Another use would be for security and, 
perhaps, keeping an cye on your creche. New 
Jersey-based Gemini managed to gain FCC 
approval for its videocaster system before the 
the show and announced a $99 (£60) for a 
starter pack of one transmitter and receiver. 
Extra receiver boxes are priced $60 (£35). 
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CADDY-CA 


How about the problem of not having 
anybody handy to do a bit of filming while 
you're doing something memorable _ like 
practising your golf swing or even playing 
basket ball? Visionary Products in 
Massachusetts has come up with what it calls an 
Auto-Camerman. This is a patented motorised 
adaptation to a tripod fitting which locates the 
camera. A position sensor keeps track of a 
transmitter worn by the subject and the result is 
that the camera foilows you about. 


POCKET ENCYCLOPAEDIA 


After cramming the Holy Bible into a pocket 
sized electronic book last’ year, Franklin 
Electronic Publishers Inc. now claims to have 
produced the first pocket — electronic 
encyclopaedia. It's an electronic edition of the 
Concise Columbia Encyclopacdia. Franklin 
doesn’t say how much memory is hidden away 
inside the $299 (£180) unit, but apparently you 
can search information from anything between 
the life of Picasso and the progress of the French 
Revolution. A small calculator-like qwerty 


You need never be at a loss for facts 
with Franklin's pocket encyclopaedia. 
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CONSUMER FEATURE a 


keyboard enables you to type in search 
parameters. A spelling checker is built in, as is a 
cross referencing ability. 


POCKET VIDEOGAME 


NEC has produced a hand held version of its 
TurboGrafx 16-bit computer game console 
which uses a 2.5 inch colour Icd ty screen. called 
the TurboExpress. Atari was the first company, 
last year, to bring out a colour hand held video 
game with the Lynx. NEC improves on the Lynx 
by giving it a more powerful microprocessor, a 
really superb TFT (thin film transistor) active 
matrix display and the option of a plug-in tv 
tuner. You can even plug your video camera into 
the TurboExpress, making it into a colour video 
monitor. 

Talking of active matrix colour led displays, 
Sharp exhibited a 14 inch prototype television 
using a TFT flat panel Iced screen. It was difficult 
to judge the quality as the signal source 
appeared to be very noisy, but I’m convinced we 
shall see decent sized led slimline televisions 
appearing in the shops some time next year, 


Casio’s new organiser is the BOSS 
(Business Organiser Schedule System) model 
SF-9500. At $300 (£177), the SF 9500 will 
have to compete with Sharp’s impressive new 
Signature OZ models. You get 64K ram 
expandable to over 128K with optional ram 
cards and a variety of built in applications. The 
main BOSS advantage over the Signature OZ is 
that it has a much more useful 32 column six 
line display. Accessories also allow you to link 
your BOSS with a PC or Apple Macintosh to 
exchange data. 


HOME AUTOMATION 


STANDARD 


The US Electronic Industries Association 
had a stand to promote their work in defining 
a broad set of home automation industry 
standards. The project is expected to be 
finalised early im 199] and consumer 
electronics products adhering to the standards 
set are expected some time towards the end of 
that year. 


More new products that are determined to organise your pocket into a portable 


office. 


NEW ORGANISERS 


Both Sharp and Casio have added new 
models to their electronic organiser line ups. 
The Sharp [Q is called the Wizard in the States 
and a completely new range of Wizards has 
been introduced; the ZQ and the OZ. The ZQ is 
is a cut down, cheaper version of the IQ and it 
can't accept slot-in software application cards. 
The ZQ also opens up clam-shell style rather 
than the book-folding action of the original. 
There is an advantage in this; the keyboard is 
now in a proper qwerty layout. Two basic 
models were announced: the ZQ2000 and 
5000. The former has 16 or 32K ram and the 
latter 32 or 64K ram plus extra built in 
applications and a more detailed display. US 
prices start at $110 (£65) and $210 (£124) 
respectively. 

For what Sharp refers to as ‘Power users’ 
you can opt for the OZ Signature series. These 
offer between 64K and 128K ram, retain the 
new qwerty style keyboard and also accept IQ 
software cards - including a 3D spreadsheet. 
Prices start at $360 (£212). 


And if your pocket's too full, use your 
wrist! 


voice & Sound 
sae Wristwatch¢ 
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Mug-shots take on a new meaning when Canon demonstrate their Xap-Shot 


video still camera, transferring images to coffee mugs. 


The hub of a home automation system is 
communications Jinks to enable the user and 
controlled appliances to talk to cach other. 
The EIA. standard will) embrace radio 
frequeney (rf), infrared (ir), mains power 
cable, fibre optic and telephone line media. A 
simulated home environment fitted with 
various home automated appliances was 
exhibited at the show to demonstrate a bed- 
side panel enabling a houscholder to lock the 
doors, switch off lights, adjust the heating and 
turn off the tv conveniently just before retiring 
at night. You will also be able to phone into 
the household control system from the office, 
for example. and use touch tone number codes 
to control appliances, like heating or air 


conditioning. A number of specialised control 
chips will have to be developed and 
incorporated into new products or adapters for 
older ones. Home automations products 
displayed in the EfA stand included remotely 
controlled light switches, a “smart” remote 
control phone, remotely controlled drapery 
and door locks. a home automated video 
recorder and laser disc player, a system 
controller, personal computer and data bridges 
which convert signals from one medium to 
another. We'll bring you more news of the 
EIA standards once they're finalised. 

(We gave you another insight into home 
automation in PE May/June 89. Ed.) 


The new Gemini wireless videocaster scoops industry as the world's first 
product to transmit quality audio and video from any domestic video source 
without wires. 
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G TRANSLATOR 


A number of electronic language translation 
aids were exhibited at the show but the one 
which caught my eve came from Matrix Design, 
Called the Interpreter, this is a walk-man sized 
unit with a single line Ied display and a small 
qwerty keyboard. On one side is a speaker and 
you can also use an earphone, for this translator 
actually speaks. A dictionary of 10,000 words 
and 67,000 phrases in five languages (English, 
French, Italian, German and Spanish) is stored 
inside this remarkable package. You can either 
type in single words or search for a required 
phrase in English and then you can read and 
hear the foreign language version, Look out for 
the Interpreter in those Innovations — type 
catalogues which fall out of the Sunday 
supplements every now and again. 


LLER ID 


AT&T. one of the biggest phone companies 
in the world, has added its weight behind the 
Caller [ID lobby. This is the controversial option 
available in some States which enables the 
reeciver of a phone call to tdentify the phone 
number of the caller before deciding whether or 
not to answer. Last January Northern Telecom 
launched a spectal Maestro phone to take 
advantage of Caller ID and now AT&T has 
unveiled its own add-on box, the Call Display 
64. Connecting between a conventional phone 
and the wall socket, the unit has a simple led 
display and stores the numbers of the last 64 
callers and the time/date of each call. Buttons let 
the user search the call number list and numbers 
can be selectively erased. The S90 (£53) unit 
doesn't offer an automatic call screener, in other 
words a facility to bar previously selected 
callers. 


To round off this report, a few other items of 
interest. Blaupunkt demonstrated an in-car cd 
auto-changer player which links to the dash- 
board mounted amplifier via optical fibre, 
Usually the auto-changer player is located in the 
boot, so long cables are required and these are 
prone to electrical interference and impedance. 
Opucal] fibre instantly bypasses these problems. 

That’s all we could fit in to this Summer 
CES report! Home Base gets back to normal 

PE, 


next month. 

| Jan Burley is the News and Features | 
editor for BY  Micronet, an on-line 
computer and — technology — magazine 
| published on Prestel by British Telecom. | 
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AUTOMATION 


ORIGINS 


Dear Mr Becker, 


I was interested to read Robert 
Hill's letter (PE Aug 90) about 
automation in the electronics 
industry, Mr Hill’s work at Pye 
TVT was predated by that of John 
Sargrove in the early to mid 
1940s. 

Sargrove invented, constructed 
and put into operation a machine 
which produced complete panels 
for radio receivers, On these 
panels the inductors and the 
majority of the capacitors and 
resistors were actually ‘printed’ 
onto the boards. Necessary 
contacts were inserted and 
connected automatically. The 
machine also tested the boards, 

I have a video tape made from 
a film, first shown in 1947, which 
shows the machine in operation 
producing the pair of boards 
required for a simple two valve 
regenerative receiver. Sargrove 
also designed the special valve 
needed for the set. In my 
possession are his films of various 
automation projects together with 
some lantern slides and one of the 
valve used on the radio receiver 
project. 

Sargrove’s work, which is 
insufficiently recognised and 
appreciated, led him to being 
awarded the first Clerk Maxwell 
Premium of the British Institution 
of Radio Engineers. (This 
institution is now part of the 
Institution of Electrical 
Engineers.) 

If you are interested, I could 
write an article on Sargrove and 
his work. Incidentally, | am not 
related to your correspondent 
Robert Hill! 


Joe Hill B Sc, C Eng, MIEE, 
Gerrards Cross, Bucks. 


I contacted Joe Hill by phone 
and discussed Sargrove’s work 
with him, lt is indeed a story 
which should interest you all, and 
hope to publish in due course. 

Ed. 


SOURCE AND CHIPS 


Dear Sir, 


I want to ask a big favour. I 
want to build the Mono-Stereo 
Echo Station in PE Oct and Dec 
89, but the ics are not available in 
South Africa. [have already built 
your Vedalek and it’s working like 
a dream. Is it possible for you to 
send me a price for the MN3011, 
MN3101 and MN3004 chips and 
for me to buy them from you? 

I am also urgently looking for a 
capacitor tester with various 
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TRACK 
FEEDBACK 


testing values and digital displays. 
A project also fascinating me is 
your Frequency Counter and Dual 
Generator in PE Sep 90, the 
sourcing the chips is also a 
problem. 


L.U. Janse van Rensburg, 
Cape Province, South Africa. 


We regret that PE cannot offer 
to obtain components for readers, 
we would never get PE to press if 
we did! We have a lot of excellent 
advertisers who will be only too 
delighted to let you have their 
catalogues, and it is through those 
pages, or the adverts, that you 
will need te turn te locate parts 
for projects. 

With the particular parts you 
mention, | happen to know that the 
author bought his chips from RS 
Components, Although RS will 
only supply to the trade, they have 
a separate division, Electromail, 
who will supply to non-trade 
customers. They are at PO Box 
33, Corby, Northants, NN1I7 GEL, 
tel 0536 204555, 

Ed. 


CREDIT THAT CAT 


Dear Ed, 


I have belatedly read the letter 
from W.R. Peach in PE March 90 
concerning his problems in 
controlling a Cat Flap. Your reply 
was also quite interesting! 

I have been puzzling myself 
with a similar idea but without 
weighting the cat down with a 2lb 
magnet, it is quite difficult to 
make the flap open every time. 

A way to fix this problem may 
lie in a method I have seen used 
by security companies. I have seen 
for some years now, security 
systems that use a credit card sized 
card that has an active antenna in 
it. The card is placed in a changing 
magnetic field and generates its 
own power from some internal 
circuit, and then sends a signal 
back to a small receiver. | do not 
pretend to understand exactly how 
this works, but I thought it might 
be possible to build a simple 
version of this for your errant cats! 
It may even solve your own 
personal problem as you could 
open the flap when the cat is still 
two feet away from the door. I 
have read somewhere that it is 
possible to design an antenna that 


sends back double the frequency 
that it receives, with almost no 
hardware at all. 

Maybe a timer should be built 
in (long at first, until the cat gets 
used to it) so that if ‘Pussy’ 
decided to sleep near the door, 
either inside or out, your heating 
would not be departing at the same 
time as the local moggies invite 
themselves in for tea and a quick 
warm up! The cat would have to 
leave the vicinity and return to re- 
activate the opener. 

Another method, but not so 
secure, would be to build a metal 
detector under a mat. The coil 
would be large and as a small 
piece of aluminium foil gives the 
strongest signals (ask any detector 
user!), a part of the cat’s collar 
could be wound with foil and then 
taped over. The system must be 
designed so that the normal 
amount of metal in collar and 
maybe a bell, do not produce a 
large enough effect. 

If you do decide to design 
something, do not forget a disable 
switch for when the door is open, 
to stop it causing damage to walls 
or itself! 


A Mathison, West Germany. 


Moggy's not sure she should 
thank you, but f am! 
Ed. 


BASIC ISSUES 


Dear Sir, 


[ have just purchased my first 
issue of PE and am really enjoying 
the read and would like to try and 
learn some more. 

The articles by Owen Bishop 
on Basic Electronics with the 
experimental circuits are super. Is 
there any way I could get 
photocopies of the previous 
articles by him? I am a disabled 
pensioner so I cannot afford to buy 
the entire set of back issues. I shall 
be purchasing future issues from 
my local newsagent. 


R.A. Pyatt, Orpington, Kent. 


When we still have back issues 
available we naturally would 
prefer to sell the issues themselves 
rather than photocopies of 
individual articles. However, in 
this instance we would be pleased 
to sell photocopies of Owen's 


M4 


articles, at £1.00 each including 
post (the standard price for article 
Photocopies), However, the back 
issues are only £1 .75each 
including post, and there's a tot 
more interesting information you 
could have for just another 75p a 
time! 

Ed. 


SOLDERING TIPS 


Dear John, 


With reference to your article 
on How To Do It, page 61 of 
several PE issues, under the 
heading Assembling the PCB, I 
must point out that you are wrong 
to say, and I quote, “clip off the 
excess component leads after you 
have soldered them. If this method 
is adopted it will lead to 
oxidisation of the component leads 
and possible fracture of the 
soldered joints. 

The following is a list of the 
proper procedures to adopt when 
soldering components to pebs and 
which ought to be of use to your 
readers. This technique of 
soldering is widely accepted by 
private manufacturers, H.M. 
forces ete. 

Clean the peb; clean the leads 
of components; form the leads; 
clean the leads again; tin the leads 
if necessary; insert the component; 
cut the leads; solder the 
component; clean the soldered 
Joints; inspect the work carefully, 
especially for blow holes and de- 
wetting. 

I have been an avid reader of 
PE for a good many years - keep 
up the good work. 


P.G. Frazer-Ward, Redcar, 
Cleveland. 


You are absolutely right, this is 
the best technique and one which 
should be adopted if assembly- 
work ts to stand up to the rigours 
of time, 

One problem readers should 
be aware of when cutting leads 
prior to soldering is the danger of 
component leads slipping partly 
out of the pob when it iy inverted 


for soldering. The use of pcb 


assembly frame with a foam clamp 
lid minimises the risk. In the 
absence of a frame, slight bending 
the leads sideways to stop the 
component moving also helps get 
round the problem, However, the 
latter method makes component 
removal less easy should the 
occasion arise. 

if readers are concerned about 
long term oxidisation and have 
problems with cutting leads before 
soldering, a compromise solution 
is to solder and cut, and then 
resolder each joint to fully coat 
the bare lead. 

Ed, 


PE 
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he power unit is a conventional 

design using integrated circuit 

stabilisers for the four supply rails of 
+12V, -12V, +5V and -5V. Zener diodes may 
be substituted for the two 5V stabilisers if the 
analogue version of the filters is used since 
the SV supplies are then only required for the 
driver board. The circuit for this modification 
is shown as an inset on the power unit 
diagram Fig.26. No circuit board design is 
provided for the power unit because of the 
variety of mains transformers and capacitors 
available from different suppliers. [ used 
separate transformers for the 12V and 6V 
supplies as shown in the diagram but there is 
no objection to using a combined transformer 
if one is available. The diodes connected 
across the various stabilisers protect the unit 
against inadvertent short circuits in the load, 
If you are sure that there won't be any short 
circuits during testing these diodes can be 
omitted. The 100nF capacitors on the input 
and output of each stabiliser should be wired 
close to the integrated circuit pins. They are 
provided to prevent high frequency oscillation 
within the stabilisers. 

Care should also be taken in construction 
of the power unit for safety reasons. The 
mains connections to the fuse, switch and 
transformer should be covered by sleeves to 
prevent accidental contact if the unit is being 
tested outside its case. To improve the overall 
screening it is best to mount the whole 
assembly in a metal box. Several companies 
supply inexpensive cases which are suitable. 
My own unit was built in a box measuring 


Part Three. 
Joe Chamberlain 
concludes the 
project with final 
constructional, 
alignment and use 
details. 


380mm x 95mm x 210mm deep. It may be 


worth noting that the two types of filter can be 
mixed (the same drive frequencies are used 
for both) provided that the switched capacitor 
driver circuit is used. There is certainly some 
advantage in using the analogue filter for the 
12.8kHz channel. Of course you do not need 
to construct the full range of channels if, as in 
my own case, only a limited frequency 
coverage is required for a specific application. 


ALIGN + 


There is very little alignment to undertake 
if the filter components have been correctly 
made up. It is helpful, but not essential, to 
have access to a millivoltmeter, frequency 
counter and oscilloscope to follow the 
procedure described. 


AUDIO PROJECT {J 


Analogue driver. Adjust the frequency 
of the multivibrator to 25.6kHz, either by 
using a frequency counter or by comparing 
the 50Hz output from the divider chain with 
the mains frequency. 

Analogue filters. Switch on only the 
output required to drive the filter to be 
aligned and adjust VR2 and VRS5 to produce 
maximum output. Connect the output of the 
transmitter to the input of the receiver and 
similarly adjust the receiver filters. Signal 
levels can be monitored with either an 
oscilloscope or a millivoltmeter. Repeat this 
sequence for all the filters in turn, 
remembering to turn off all unused signals. 

Amplifier unit. The output level of each 
signal source can now be separately 
adjusted to produce an output level of 0dB 
when the output is terminated in 600 ohms. 
Gain control VR21 should be set for 
maximum output and the attenuator set to 
minimum loss, Adjustment of the output 
level is achieved by changing the value of 
the input resistors RI to R1O to set the 
output to the nearest 2dB. Fine adjustment 
may be made by slightly detuning the 
transmit filters but the range of adjustment 
should be limited to 1dB for each filter 
section otherwise the filter response will 
suffer. Again, only one channel should be 
switched on at a time. 

Display. The display module should light 
all segments when the transmitter and 
receiver are connected back to back, the 
terminating resistor is connected and the 
controls are set as follows: 


AF OCTAVE MEASURING 


Fig. 26. Power supply 
details. 
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SVOLT 
SUPPLY FOR 


37 


POSITIVE 
VOLTAGE 
REGULATORS 
+12V 
7812 


POSITIVE 
VOLTAGE 
REGULATORS 
+5V 
7805 


| 0; METAL Oo 


= 
m 
c 


INPUT OUTPUT INPUT C OQUTPUT 


Fig. 27. Connections for 1A regulators. 


Transmit attenuator OdB (minimum loss) 

Transmit variable gain control (R21) 
maximum output 

Termination in circuit 

Receiver input level control near minimum loss 

Receiver gain control minimum (position S) 


Three segments should extinguish when 
10dB is inserted in the transmit attenuator. 
This test should again be done for each 
channel in turn. If the receive sensitivity 
varies between channels, R13 on the analogue 
filter board may be adjusted. The 
corresponding resistor on the switched 
capacitor filter board is R16, The resistors 
should only need trimming if the loss through 
the different filters varies. There are no other 
adjustments to be made on the switched 
capacitor filters, 


POWER SUPPLY 
COMPONENTS 


RESISTORS 
RI 
R2, R3 


100 ohms 20% 0.5 W 
330 ohms 20% 0.5W 
(2 off) 


CAPACITORS 

C1, C2 2200u 25V electrolytic 
(2 off) 

100n polycarbonate or 

polyester (8 off) 


C3-C10 


SEMICONDUCTORS 
DI, D2, D3 1 bridge rectifier (3 off) 


1N4148 (8 off) 
5V zener diodes 0.5W 


off) 
7812 +12V regulator 
7912 -12¥V regulator 
7805 +5V regulator 
7905 -5V regulator 


TRANSFORMERS 

Tl 240V primary 

2x ISV_ secondaries, 
12VA 

240V primary 

6V secondary 6VA 


T2 


NEGATIVE 
VOLTAGE 
REGULATORS 


=5¥ 
7905 


| O-+ METAL 
ee PLASTIC 


c # ouTPUT 
INPUT 


NEGATIVE 
VOLTAGE 
REGULATORS 


-12Vv 
7912 


tO | 
ea 
Atl 


c # outTPuT 
INPUT 


USING THE TEST SET 


The display modules have 10 leds with 
3dB increments so that the range of levels that 
can be displayed between one led being on 
and all 10 being on is 27dB. This should be 
made clear by looking at the calibration scale 
for the display shown in Fig.28, 

With the item under test connected 
between the transmitter and receiver turn on 
the channels covering the frequency band of 
interest. The receiver input level control is 
then adjusted until the highest signal level just 
lights the highest level led. The shape of the 
frequency response can then be observed by 
noting the readings on the displays. If the 
dynamic range of the unit under test is greater 
than 27dB the highest level signals should 
first be switched off and the receiver switched 
gain control increased by one step (10dB) and 
10dB should be subtracted from the displayed 
level reading. The object of turning off the 
higher level signals is to prevent the receiver 
being overloaded. 


H J K L 


Receive Amplifier Gain 


-10 
-13 
-16 
-19 
-12dB -22 
-15dB -25 
-18dB -28 
-21dB -3] 
-24dB -34 
-27dB -37 


-20 


Fig. 28. Display module. Calibration 
of the led bargraph. 


If for example the performance of a tone 
control circuit with both lift and cut controls 
was being tested the controls should first be 
set to maximum lift and the receiver input 
control set as above. A range of 20dB can 
then easily be observed. Now to examine the 
performance of the cut controls it will be 
necessary to increase the receiver sensitivity 
by 20dB using the switched gain control in 
order to examine the lower level signals. 

All this may seem complicated in writing 
but a short period of familiarisation with the 
controls will enable you to quickly make a 
wide range of measurements. The important 
things to remember are firstly do not overload 
the receiver and secondly to make sure that 
the lowest led is lighted if you want to 
measure the minimum signal level. 


oe eye e * 


Photo of the boxed interior of the project. 
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BIGGER 
AND BETTER 


@ NO MINIMUM ORDER 


YOUR NEXT PURCHASE 


Cricklewood Electronics Ltd 
40 CRICKLEWOOD BROADWAY, LONDON, NW2 3ET 


Tel: 081-450 0995/452 0161 


Fax: 081-208 1441 Telex: 914977 


199 


@ ONE OF THE LARGEST RANGES OF COMPONENTS IN THE UK 
@ FAST AND EFFICIENT SAME DAY PERSONAL SERVICE 

@ VERY COMPETITIVE PRICE; QUANTITY DISCOUNTS AVAILABLE 
@ DISCOUNT VOUCHERS INCLUDED 


CRICKLEWOOD SUPPLY MOST OF THE COMPONENTS FOR PE. 
PROJECTS. 13,000 STOCKLINES (MANY UNOBTAINABLE 
ELSEWHERE) PLEASE PHONE US FOR YOUR SPECIFIC NEEDS. 


FILL IN THE COUPON AND POST IT WITH YOUR CHEQUE, PO ETC 
FOR £1.50 TO RECEIVE YOUR 1990 CRICKLEWOOD ELECTRONICS 
CATALOGUE AND VOUCHERS WHICH YOU CAN USE AGAINST 


CRICTMLEWOT * 
ELECTRONICS | 


COMPONENT 2 
CATALOGUE 


TELEPHONE ORDERS OUR SPECIALITY 


CRICKLEWOOD ELECTRONICS 
1990 COMPONENTS CATALOGUE 


PLEASE SEND ................. COPIES OF THE 194%) 
CRICKLEWOOD ELECTRONICS CATALOGUE AT 
£1.50 TO: 


DUAL Boo secnstcsercans re can nace 
ADDRESS 


Remittance enclosed £............0650600cccen ues 


Newsagent Order Form 


Dear Newsagent, I like reading Practical Electronics magazine. Please deliver/save 
one copy each month until further notice. 


My name is 
Address 


Don't miss a single issue of PE! Make a firm order with your Newsagent! 
> £9 ot tee nce nce se tee tee tee Mee Mee Meelil 


POINTS 


ARISING 


EPROM POLY PROGRAMMER (May-Jun 
90) 

The author has kindly offered to supply 
ready-programmed eproms for the project at 
£18.50 including post etc. Alternatively, you 
may send your own 8748 chip which he will 
program for £5.50 including post. Since the 
project was published he has written further 
software versions to cater for 12.0 Baud 
(V2.0), 2400 Baud (V2.1), 4800 Baud (V2.2). 
Please state Baud rate required and send a 
cheque direct to the author, and payable to 
him: Kevin Browne, 59 Pledwick Lane, 
Sandal, Wakefield, West Yorks, WF2 6EA. 

Details of using the Poly Programmer to 


program 8748 microcontrollers will be 
published as a separate article in the near 
future. 

The use of ports P10-P12 (control lines 
CO0-C2) is not required for programming 
ordinary eproms. These were provided for 
programming more exotic devices (such as 
the 8748) which require more than one 
control line, The ports can be controlled using 
the command ‘k’ (chr 107) followed by data 
byte, whose binary bit pattern of bits 0-2 
corresponds to the required states of the three 
outputs CO-C2 (eg, set C1 and C2 to high: 
data=3). 

The input port can be read in the same 
way, using command ‘C’ (chr 67) or ‘K* (chr 
75). The response from the programmer is 
either chr ) or chr 255 depending on the state 
of the input. Fig. 21 in the article details all 
the comands available in the programmer. 

The article was written in 1988. Since then 


manufacture of the pot core quoted has 
ceased. Other pot cores, of approximately the 
same size (18mm diameter), should work 
equally well since the inductanceof 11 seems 
far from critical. Try Electrovalue B65819 
(RM7). 

In PE June, the “Top* pcb was shown as a 
reversed image of the track (Fig. 14). If you 
have already acquired this pcb, it will be 
necessary to mount the chip sockets on the 
track side of the board, The sockets should be 
mounted so that they rest just above the pcb 
enabling soldering to be carried out to the 
legs and tracks simultaneously. With the pcb 
in this orientation it is not practical to paint 
the surface as suggested by the author. 
However, legends may be applied to_a card 
which may then be cut to size and mounted 
on the peb. 
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he circuit described here is basically 

a sound operated mains relay. When 

triggered, it has the capability of 
operating lights, etc, for a predetermined time 
before switching them off. 

The device was originally intended to help 
an old-timer who, during the winter months 
was frightened to open the door at night to 
callers. This device will pick up the sound of 
the doorbell and tur on one or more outside 
lights as required. They stay on for a set time, 
after which the unit turns them off. In all 
probability, any no-gooder will think twice 
about evil deeds if, when the doorbell is 
pushed, or the door is knocked, he is zapped 
by a floodlight. It is also possible to run a 
cable to the rear of the premises to operate 
other lights to illuminate another area which 
might be chosen by accomplices who 
endeavour to gain entry at the rear while their 
friends keep the occupier busy at the front! 

The device may also be incorporated into 
your diy alarm system, by placing the sensor 


BATTERY 
OPERATED 
DOORBELL, 


SOUND 
@ OPERATED 
©) SWITCH 


KNOCKER, 
OR OTHER 
SOUND SOURCE 


FLOODLIGHTS, ETC 


Fig. 2. System diagram of the sound operated switch. 


Paul Benton 
enlightens you with 
an evocative 
security system 


design incorporates a current amplifier 
transistor, TRS. This gives readers greater 
flexibility in choosing this driver transistor to 
suit their own particular requirements, 

When the output of the 555 goes high, it 
supplies current to the base of TRS. This 
turns on the transistor and so energises the 
relay. The normally-open relay contacts now 
close feeding power to the mains lamp. To 


SOUND OPERATED 


microphone in an area where, if there is a 
noise, there could be problems! 


THE CIRCUIT 


The circuit used is relatively straight 
forward. ICI, a 555 timer device, is biased by 
VRI to be just on the edge of triggering. 
Sounds are picked up by the microphone, and 
are amplified by TRI and TR2. The amplified 
signal is used to trigger pin 2 of the 555, 
causing the output of the timer, pin 3, to go 


T1 O-12V4C 250mA 


SWITCH 


high, for a time determined by R8 and C4. 
Any other large signal picked up by the 
microphone during the recharging of the 
timing capacitor will cause TR4 to conduct, 
discharging C4 by this path. In the event of 
no further sound being picked up by the unit, 
C4 will keep on charging until it reaches 
about two-thirds of the supply voltage, at 
which point the output of the timer will now 
go low. 

Although the standard 555 timer is capable 
of sourceing (or sinking) up to 200mA, the 


REGULATOR 
MIN. SO0mA 


Fig. 1. The 
circuit diagram. 


work out the contact rating required for the 
wattage of lighting that you want to control, 
use the equation: 


I current = P watts/Y voltage 
For example, if you just wish to iJluminate 


a standard 60 watts enclosed bulkhead fitting: 
I = 60/240 = 0.25 amps (per fitting) 


However, if you wish to illuminate like 


Blackpool, using a |kW flood, 
1 = 1000/240 = 4.7 amps (per fitting). 
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RESISTORS 
RI,R3 

R2,R4 

R5 

R6 

R7,R9 

R8 

VRI 


2M2 (2off) 
6k8 (2off) 
100k 

IM 

1k (2off) 
150k 

10k preset 


SBeESEENE 


Ss! =i 5. B® 


Fig. 3. Stripboard 


CAPACITORS layout. 


, Chics C5 100n polyester (4 off) 
me) 100UF 16V electrolytic 


turn VRI so that the slider is at ground, 
Temporarily disconnect one leg of C4. Using 
a voltmeter on pin 3 of ICI, very gently turn 


It is important that an adequately-rated 
relay is used, or overheating will occur. Also 


| SEMICONDUCTORS 
ensure that the cable used is rated sufficiently. 


TRI-TR3 BC547 (3 off) 


TR4 
TRS 
D1,D2 
IC] 


BC327 
BCI82L 
IN4148 (2 off) 
555 


The controller layout is shown in Fig.3. 
No layout is offered for the power supply, 
which may be constructed to suit your needs. 

On a note on safety, keep mains wiring 


the pot until the timer fires, then back off a 
touch. Reconnect C4, and tap the 
microphone. (My sub-editor, Helen says a mic 
should never be hit. She’s right, of course, but 


we've all done it from time-to-time! Ed.). The 
555 should give an output for about 25 
seconds, ie the relay should stay energised for 
this period. To increase the sensitivity, turn 
the slider of the pot towards RS, or for less 
sensitivity, towards ground. If a longer on- 
period is required, increase the value of either 
R8 or C4, the latter being preferred. 


away from everything else. Use insulating 
sleeving on any length of bare wire that is 
evident. Ensure that every part of the 
installation is earthed, etc. IF IN DOUBT, 
SEEK THE ADVICE OF A COMPETENT 
PERSON. The novelty of this circuit is that 
there is no connection between the bell-push 
and the mains voltage, since audio coupling is 
used, so keep it that way! 

The test procedure is as follows: 

Using a PP3 battery as a temporary supply, 


MISCELLANEOUS 

Hookup wire, stripboard, tinned wire, 
crystal microphone insert, relay 12V 
200ohm spco. 


PSU COMPONENTS 
12V transformer 

WO] bridge rectifier 
12 volt 

regulator 7812. 


1O00UF 40V 
10UF 25V 
100n 
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Instruments/Audio 071-724 3564 
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Components 071-723 1008 Fax: 071-724 0322 
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Account facilities available. 


Greenbank 


For more details write or phone us: 
Greenbank Electronics, Dept. E10P, 460 New Chester Road, 


Rock Ferry, Birkenhead, Merseyside, L42 2AE. Tel: 051-645 3391 
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he Sun is in some ways a variable 

star; this has been known ever since 

the discovery of the cleven-year 
solar cycle, more than a century ago. But 
the more we find out about the Sun, the 
greater the problems we have to face. Of 
these, perhaps the most baffling is that of 
the lack of solar neutrinos. 

Neutrinos have no charge and (virtually) 
no mass, so that they are very difficult to 
detect. For many years now Dr. John 
Davies and his colleagues at Homestake 
Mine, in South Dakota - operating a mile 
below ground, as a sereen against cosmic 
rays - have recorded far fewer neutrinos 
than theory = predicts. A Japanese 
experiment in the late 1980s gave similar 
results, Now there has been added evidence 
from SAGE, the Seviet-American Gallium 
Experiment located in the North Caucasus. 
According to theory, SAGE should detect 
about 14 solar neutrinos per day over a 60- 
day period. In fact ithas found none at all. 

It is not likely that the experiment itself 
is faulty; the fault lies either with theory 
{perhaps the Sun’s core is cooler than 
expected?) or with the propertics of 
neutrinos themselves. We must await new 


results, but certainly the lack of solar 
neutrinos is giving theorists a severe 


headache, 


HALLEY'S COMET 


Halley's Comet. which we remember so 
well, is still under observation - and in 
February this year it was imaged with the 1.5- 
metre Danish telescope at the European 
Southern Observatory at La Silla, in Chile, A 


BY DR PATRICK MOORE CBE 


Does the lack of 
solar neutrinos 
mean the sun is 
cooler than we 
think, or is theory 
incorrect? 


rather further than the two famous Clouds 
of Magellan. It contains at least a quarter of 
a million stars, but its low surface 
brightness has meant that it has not been 
identified until now. Its position in the sky 
iss RA 10h 13m,0. dec, -1°37" (epoch 
2000.0). 


HST UPDATE 


Obviously there is great concern about 
the state of the HST or Hubble Space 
Telescope. 1 wrote about it last month, but | 
make no apology for returning to it now. 
After all, HST was meant to be the supreme 
scientific optical achievement of the 
twenticth century, and it is heartbreaking to 
find that so much has gone wrong. 

Moreover, there is no doubt at all that 
the errors in the telescope were avoidable. 
Ten years or so ago, when the main mirror 
and the secondary were being made by the 
Perkin-Elmer Corporation, there was a 
mistake. The wavefront crror from the two 
mirrors was supposed to be less than 1/20 
of a wavelength of red light. In fact it is half 
of a wavelength, which for many fields of 
research is totally unacceptable. Worse is 
the admission that to save time and moncy, 
Perkin-Elmer never tested the two mirrors 
together - which shows, yet again, that in a 
major scientific project it is foolish to try to 
“cut comers’. 

The main mirror cannot be put right, 
because the pistons controlling its figure are 
too weak and are in the wrong positions. 
Neither can the HST be brought back to 
Farth for repair, as had been hoped. So all 
that can be done is to make the best of it - 


year carlier, images had shown a definite coma 
- that is to say, a dust-cloud round the icy 
nucleus, This has now vanished, and it may be 
said that Halley's Comet has now entered its 
period of ‘hibernation’, which is likely to last 
until mid-2061 when it again comes within five 
astronomical units of the Sun. 


NEW GALAXY 


From Cambridge, Dr. M.J. Irwin and his 
colleagues have found a new member of the 
Local Group of galaxies, It is, predictably, a 
dwarf; it lies in the constellation of Sextans, 
and it is about 280,000 lght-years away. 


and in the ultra-violet, at Icast, the HST will 
sul out-perform any Earth-based telescope 
- and to see what are the prospects of 
sending up modified instruments to 
compensate for the faults in the main mirror 
system. 

This may well be possible, though the 


THE SEPTEMBER SKY 


his is a reasonably good month for planets. Mercury is a 
morning object for the whole of the second half of 
September, and is at its best; it should be easily visible 
with the naked eye before sunrise - though on no account sweep 
for it with binoculars or a telescope unless the Sun is completely 


out of view. Of course, no surface markings will be seen, but it is 


always worth finding this elusive little world and noting its phase. 


Around September 16, Mercury is not far from Venus, which is of 


course so brilliant that it cannot be mistaken - though, like 
Mercury but for different reasons, it too lacks surface detail: the 
present phase is over 90 per cent. 

Mars is now visible from late evening, and is becoming 


steadily brighter; it is in the Aries-Taurus area, and by the end of 


September the magnitude has risen to -0.8, superior to any star 
apart from Sirius. Of the other two bright planets, Jupiter is in the 
east before dawn, while Saturn is still visible well after sunset, in 
the south-west, very low down in Sagittarius, 

The Moon is full on September 5, and new on the 19th. There 
are no solar or lunar eclipses this month, Nether are there any 
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major meteor showers, though the Piscids, reaching their 
maximum about September 10, can produce a ZHR of over 9. 

Much had been expected of Levy’s Comet, though as 1 write 
these words (early August) the magnitude seems to be well below 
the predicted value - we seem to be unlucky with comets this 
year! In any case, the comet moves south during September, the 
predicted position for September 5 is RA 17h 53, dec. -17°56', 
with a magnitude of just above 4. By the law of averages we are 
certainly due for a bright comet, but when the next brilliant visitor 
will appear is anybody’s guess. 

Meanwhile, the Sun has been active, with some major spot- 
groups, and during August there was some fairly obvious auroral 
activity even from South England. Whether the Sun has now 
passed its peak for this cycle, as had been expected, remains to be | 
seen. There are continuing efforts to correlate sunspot activity 
with radio reception - of course there is a definite link, but details 
remain rather obscure - but the association of sunspots with 
British heat-waves, such as that of early August 1990, 1s much 
more dubious. 
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earliest date is 1993. Meanwhile, there will 
be some results which will be of real value. 
and the view I expressed last month, that 
the HST cannot be dismissed as a total 
failure, still holds good. But we do have to 
admit that it is a disappointment - and let us 
hope that in any future ambitious 
programme, any temptation to cut costs will 
be firmly resisted. 


One can only be awestruck by the 
evolution of solar prominences. The 
two photos on the right were taken 
three and a half hours apart, on July 
30 1990. Below is Comet Levy, seen 

: against a stunning backdrop of stars 
on July 31st. J. Dragesco and P. Tosi 
of France kindly supplied the photos. 


Astronomy Now 


Britain's leading astronomical magazine 


ocr In the October issue: 


O CCDs - The First Generation O 
O The Eye at Night O 
O The Stephen Hawking Story O 
O Time Telling Ammonia Clouds O 
O Observatory Special O 


OOo oO 
plus: News Update - The Night Sky - Sky 


Watch Down Under and more... 


October issue on sale now - price 
£1.50! 
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ast month's miscellany included 
Lee thyristors and jfets, 

from which point we continue by 
looking at current and voltage control. 


JFET CURRENT SOURCE 


The jfet provides a self-adjusting current 
source when its gate is connected to its 
source (Fig. 17). If the external load is 
reduced, causing an increased current to 
flow, the voltage drop between the source 
terminal and the region of the bar adjacent to 
the gate region increases. The potential 
difference across the gate increases, making 
the depletion zone wider, This increases the 
effective source-drain resistance, reducing 
the flow of current through the transistor and 
load. Thus we have negative feedback, 
which maintains a steady current. 

The jfet makes a very simple current 
source but has the disadvantage that we can 
not predict what the current will be for any 
given transistor. This contrasts with the 
current source of Fig, 15, last month, in 
which we can decide on the current we want 
and obtain it by selecting suitable values for 
the resistors. With jfets, we either have to 
find one that gives the current we need, or 
else use a series resistor (Fig. 18) of suitable 
value to adjust the current. Devices sold as 
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Fig. 17. (left) Jfet as a current source, 
and Fig. 18. (right) as a programmed 
current source. 


biased; no current flows, except a small 
leakage current which can be ignored. This is 
the situation in Fig. 20a. A small steady 
current flows through the bar. If the inter- 
base resistance is 6 kilohm, for example, and 
the inter-base voltage is 6V, the current is 
ImA, 

The emitter potential is raised until it is 
the same as that at X; this is the peak point. 
As the emitter potential is raised above 3.6V, 
part of the junction becomes forward-biased 
and current begins to flow (Fig. 20b). 
Because of the holes now present in the 
lower part of the bar, the resistance of that 


part (R2) falls. This has the same effect as if 
a low-value resistor was suddenly put into 
the potential divider; the potential at X falls 
very rapidly and soon the whole junction is 
forward-biased (Fig. 20c). A very large 
current flows. 

In Fig. 21 the rising potential at the 
emitter is provided by charging a capacitor, 
C1. Let us see what happens by trying it out 
in practice. 


Investigation 4 - a ujt oscillator 


Fig. 22 shows how to set up the circuit. 
An analogue voltmeter is better for this 
demonstration, but a digital meter can be 
used. Set VRI to about the middle of its 
range, Apply the power and watch the needle 
of the meter. It moves up the scale as the 
capacitor charges and down again as it 
discharges. What do you notice about the 
movement up? What do you notice about the 
movement down? What is the effect of 
increasing the resistance of VR1? What is the 
effect of decreasing it? 

Remove the plain wire at point A and 
replace it with an led. Explain what happens 
to the led. An oscillator in which a current is 
switched on and off regularly is called a 
relaxation oscillator, We shall describe 
oscillators of the other type, harmonic 
oscillators in a later issue, 


BASIC ELECTRONICS 


constant current diodes are simply jfets with 
their gate and source connected, After 
manufacture, they are sorted according to the 
constant current they produce and given a 
corresponding type number. 


UNIJUNCTIONS 


A unijunction transistor, as its name 
implies, has only one pn junction (Fig. 19). 
Glancing at the drawing, one might think 
that this is just the same as a jfet. However, 
the n-type material is only slightly doped, so 
the resistance of the transistor is relatively 
high. The terminals at either end are known 
as base J and base 2 and the b1-b2 resistance 
is several kilohms. The p-type material, 
nearer to bl than to b2, is known as the 
emitter. 

The transistor is used with b2 positive of 
bl, so there is a drop in potential down the 
bar from b2 to bl. Think of the bar as a 
potential divider consisting of two resistors 
RI and R2 (Fig. 20a), joined at point X. The 
potential at X is given by the ratio R2/(R1 + 
R2). This ratio is known as the stand-off 
ratio, N. In a typical ujt, 1 is about 0.6. So, if 
bl] is at OV and b2 is at 6V, then X is at 0.6 x 
6 = 3.6V. 

Imagine that we gradually increase the 
emitter potential from OV. If the emitter 
potential is less than that of X (ie, between 
OV and 3.6V) the pn junction is reverse- 
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from current sources 
to voltage regulators. 
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Fig. 19. (Above right). Unijunction transistor and its symbol. 
Fig. 20. (Below). Action of a UJT: (a) emitter voltage below Vpeak; (b) emitter 
x, discharge beginning (negative resistance). Potentials 
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Figs. 21 and 22. Relaxation oscillator 


using a UJT and its breadboard layout as for Investigation 4. 


Investigation 5 - a UJT audio oscillator 


Fig. 23 shows the circuit, which is very 
similar to that of Fig. 21. Build the circuit on 
a breadboard and listen to the audio signal. 
What is the effect of varying the setting of 
VRI? Why has Cl a smaller value than in 
Fig. 21? What is the function of R3 ? 


EARPHONE 


Fig 5. Thyristor (a) structure, (b) 
shown as two transistors, (c) 
transistor connections. 


Investigation 6 - a ramp generator 


In this circuit (Fig. 24) the capacitor is 
charged by the current flowing from a current 
source. Since the source is to supply (or 
source) current rather than draw current, a 
pnp transistor is used. The base of TRI is 
biased by a potential divider (R2 and the 
interbase resistance of TR2); it is not as stable 
as the zener-biased source of Fig. 15, but is 
good enough for this purpose. 

There is a confusing use of terms to clear 
up here. When referring to the transistor of 
Fig. 15 we should really call it a current 
drain, as the transistor drains current away 
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from the load. The circuit in Fig. 24 has a 
different action because it supplies current to 
the load. However, most people refer to both 
types of constant current circuit as sources, 
whether in fact they are sources or drains. 

Set up the circuit and watch the needle. 
How does the motion of the needle differ 
from that in Investigation 4? 


VOLTAGE REFERENCES 


It is often useful to be able to produce a 
stable voltage in a circuit. For example, we 
may want to measure an unknown voltage 
from an external source (perhaps a sensor) by 
comparing it with a stable and accurately 
known reference voltage. Another major use 
for a reference voltage is in a power supply, as 
will be described later. 

The zener diode has already been quoted 
as a device for obtaining a stable voltage, but 
a better device is the band-gap reference. This 
is an integrated circuit which gives much 
higher precision than a zener. It has 


Fig. 24. UJT ramp generator with 
current current source (Investigation 6) 


© OUTPUT 


Fig. 25. Circuit for using a 2-terminal 
band-gap reference device. 


temperature compensation built in, giving it 
greater accuracy under varying working 
conditions. Some of these devices have 
several terminals to which — external 
components may be connected to set the 
voltage very precisely. Many of the more 
recently produced references are in a 
transistor package with only two terminal 
wires. These are connected to a circuit in the 
same way as a zener diode (Fig. 25). The 
operating current of band-gap references is 
extremely small (often less than 1mA). 
Another class of device for controlling 
voltage is the voltage regulator, The purpose 
of this is to produce a reasonably steady 
voltage that is independent of the supply 
voltage and the current load over a wide 
range. Regulators are the basis of many 
designs of power supply units. A typical 
voltage regulator is the 7805 (Fig. 26). This is 
a  3-terminal integrated circuit that 
incorporates everything needed to produce a 
regulated supply of SV usually at up to 1A. It 
requires a minimum input voltage of 7V and 
most types can accept up to 30V or 40V. 
There are related versions rated to produce 
current up to 100mA, 1A, or 2A. The device 
incorporates current limiting, so that there is a 
dramatic drop in output voltage if excess 
current is drawn. This protects the device 
against short-circuits on its output side, as 
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Fig. 26. 7805 voltage regulator ic. 


well as protecting the circuit being 
supplied. There is also protection which 
cuts-out the ic if it becomes over-heated. 

Nowadays there is a wide range of 
voltage regulators rated for various 
maximum currents and for various voltages, 
including negative voltages and variable 
voltages. More recently, “low drop-out’ 
regulators have been added to the range. 
These operate with the input voltage only 
about 1V higher than the required output 
voltage. 


POWER SUPPLY CIRCUITS 


Apart from battery-powered circuits 
most electronics circuits are powered from 
the mains, using a low-voltage direct 
current power supply unit. Although a few 
may operate at a higher voltage, most 
operate between 5V and I8V. In particular, 
most computer circuits operate on SV, the 
standard voltage required for transistor- 
transistor logic (ttl) ics, memory chips and 
microprocessors. 

The first step in power supply is to use a 
transformer to reduce the voltage from that 
of the mains (usually 240V) to a voltage a 
little more than that required by the circuit. 
Transformers work only with alternating 
current, but most electronic circuits require 
direct current, so the next step is to rectify 
it. The principles of transforming and 
rectifying current have already been 
explained in an earlier issue. 


With less critical circuits, fluctuations in 
the supply voltage are of little concern. The 
rectified supply may be used directly. If a 
steadier voltage is required, a zener diode 
gives a reasonable degree of regulation, 
provided that the current drawn does not 
vary over too wide a range. The way to use 
a zener diode as regulator was described in 
an earlier issue. However, one of the 
disadvantages of the simple zener circuit is 
that, when the load is drawing less than its 
maximum current, the surplus current has to 
flow through the zener. Not only is this 
wasteful of power, but it necessitates using 
a high-power zener and having to take 
Measures to dissipate the excess heat 
produced. 

One way around this problem is to let 
the zener operate with a small current but to 
amplify the current for use by the load. The 
type of amplifier most suited for this 


PRACTICAL ELECTRONICS OCTOBER 1990 


BASIC TUTORIAL >>> 


Fig. 27. 
Common-base 
amplifier used to 
provide power 
with stabilised 
voltage. 
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Fig. 28. 
Using a 
voltage 
regulator 


purpose is the common-base amplifier 
described recently (Fig. 27). As explained 
then, this has high output impedance. That 
is to say the output voltage does not fall 
significantly when a high current is drawn - 
a essential feature for a power supply. 

In Fig. 27 the transistor is a power 
transistor capable of carrying a current of 
the order of several amps. Its base is held at 
a stable voltage by the zener diode. Current 
flows through R1, then goes partly through 
the zener (IZ) and partly to the base of TRI. 
The zener current must be at least SmA to 
bring the diode into conduction. The 
amount of base current determines the 
collector and emitter currents. Under steady 
conditions the forward voltage drop 
between the base and emitter is about 0.6V. 
If extra current is being drawn from the 
circuit, the potential at the emitter begins to 
fall. The base potential is being held steady 
so the base-emitter voltage drop increases. 
This increases the base current slightly. 
This makes the collector and emitter 
currents increase, and so provides the extra 
current that the load requires. The reverse 
happens if the load draws a reduced current. 
Whatever the change in current required by 
the load, the circuit operates to 
accommodate this. At all times the output 
voltage of the circuit remains steady at 0.6V 
below the zener voltage. 

The advantage of this circuit is that the 
current through the zener is very low, but 
the output current can be several amps. Of 
course, if high current output is required the 
transistor must be rated to carry this, and a 
substantial heat-sink may be needed. 

The circuit of Fig. 28 shows how a 
voltage regulator ic is used to obtain a 
stabilised supply. Although it has no more 
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components than the common-base 
amplifier of Fig.27, its performance is 
considerably better. 
SWITCHED POWER 
SUPPLIES 


Before leaving the subject of power 
supplies, mention must be made of switched 
power supplies. These are used to provide a 
high current at low voltage, as might be 
required in a microcomputer, for example. 
The principle is to keep a capacitor charged to 
a given voltage by switching the rectified 
supply current on and off at high frequency 
(several kilohertz). The supply current is 
drawn from this capacitor. A transistor is used 
as the power switch and is turned on for a 
longer or shorter proportion of the cycle to 
keep the capacitor charged to the required 
voltage. The more current being drawn, the 
greater portion of the cycle the transistor is 
on, Very little power is wasted since the 
transistor is either off or fully on, The current 
drawn by the unit may in fact be less than the 
current being supplied to the load. The main 
disadvantage of switching regulators is that 
they generate high-frequency interference 
which must be very carefully filtered out if it 
is not to lead to trouble. It may also produce 
an irritating screeching sound. (SMPSUs were 
discussed in PE April and Aug 87. Ed.) 


MODULES OF THE MONT 


13. JFET amplifier (Fig. 29) 


This is the common-source amplifier of 
Fig. 11 (last month) without the input and 
output capacitors and the gate resistor. 
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Omitting these allows the module to be used 
in touch-switch circuits. If you need the gate 
resistor, bend the wires of a IM resistor so that 
they fit into terminals ‘G’ and ‘-’ of SKTI. 
Input and output capacitors can be mounted by 
inserting one of their wires into the ‘G’ and ‘O’ 
terminals of SKT] and SKT2, respectively. If 
you are joining this module to the bipolar 
transistor amplifier (Module 10) or the 
loudspeaker module (Module 11), these already 
have input capacitors, so only a wire link is 
needed between the output of this module and 
the inputs of the others. 

Parts required: 

RI 5k6, R2 1k8, Cl 100 pF electrolytic, 
TRI 2N3819 n-channel jfet, SKT1 3-way pe 
socket, SKT2 2-way pe socket, stripboard 
63mm x 25mm. 


14. UJT audio oscillator (Fig. 30) 


This is a simple audio oscillator with 
variable pitch, based on the circuit of Fig. 23. It 
has no output capacitor, since the other 
modules to which it might be connected 
(Modules 10 and 11) already have input 
capacitors. If you want to join this to the jfet 
amplifier above, use a 100nF capacitor to join 
the ‘O’ terminal of this module to the ‘G’ 
terminal. The gate resistor is required. 

Parts required: 

RI 10k, R2 56-ohm, R3 Ik, VRI 100k 
miniature horizontal preset resistor, C1 10n 
polyester, TR1 2N2646 unijunction transistor, 
SKTI/SKT2 2-way PC sockets (2. off), 
stripboard 63mm x 25mm. 


SYSTEMS OF THE MONTH 


There are now 14 modules in this series so, 
if you have built them all (or perhaps not quite 
all!), there is plenty of scope for designing and 
assembling your own systems. Here are two 
systems incorporating this month’s modules. 
The first (Fig. 31a} is a buzzer system that can 
be used for a variety of purposes, including a 
door alert and a morse code practice set. The 
output from the ujt oscillator goes to the 
common-collector amplifier of the loudspeaker 
module. You could try connecting another 
amplifier, perhaps the jfet amplifier or the 
bipolar transistor amplifier (Module 10), 
between the oscillator and the loudspeaker 
module, with the idea of obtaining greater 
volume. However, do not expect any great 
improvement. The ujt oscillator already 
produces a waveform of reasonably high 
voltage amplitude. What is needed now is 
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Fig. 29. (left) 
Module 13 


Fig. 30. (right) 
Module 14 


current amplification, but the loudspeaker 
module is only a low-current circuit. 

The second system (Fig.28b) is a touch 
switch that controls a buzzer, lamp or relay, A 
metal plate is wired to the gate (“G’) terminal 
of Module 13. There is a direct wire 
connection between the output of this module 
and the input of the Schmitt trigger. The load 
of the Schmitt trigger may be a solid-state 
buzzer, as shown, or a lamp or relay (Module 
7). The relay module may be used for 
switching any device for which its contact 
ratings are suitable. 


DISCUSSION 


Investigation I, The voltage gain of a |- 
transistor jfet amplifier is usually not as high 
as that of a comparable amplifier using a 
bipolar transistor. Its main advantage is its 
high input impedance. The amount of voltage 
amplification depends on the value of the 
source resistor. Within limits, the greater the 
value of Rg, the larger the output voltage. C3 
acts to hold the potential of the source 
terminal steady when an audio signal is 
present. As in the bipolar transistor amplifier 
described in an earlier issue, it prevents 
feedback causing a reduction in amplification. 
It is known as a by-pass capacitor. 

Investigation 2. The action may _ be 
influenced by various factors but usually the 
voltage falls when a charged polythene strip is 
brought near the plate. With acetate, there is a 
slight rise in voltage and a sharp fall as the 
strip is taken away. The two strips appear to 
be charged in the opposite sense, one 
positively, the other negatively. This confirms 
the results of Investigation 1 of Part | of this 
series. The fact that the voltage falls with 
polythene shows that current through the 
transistor is reduced; therefore the depletion 
region must have become wider; therefore the 
polythene must carry negative charge 
(electrons). The acetate must be positively 


Fig. 31. 
Systems of 
the month. 
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charged (some of its atoms lacking electrons). 
The effect demonstrated here illustrates the 
use of a jfet as the first stage in an 
electrometer - an instrument for measuring 
electric charge. 


The voltage usually falls when the plate is 
touched, less if the body is earthed, more if the 
body has become highly charged by walking 
on a nylon carpet. This effect indicates a use 
for the jfet as the first stage in a touch switch, 
or in a proximity switch. 

Investigation 3. The current stays close to 
about 10mA whatever the value of the load, 
up to about 220-ohm. There is a slight fall if 
voltage is reduced, but the drop is not nearly 
as much as 25%. 

The voltage across RI is 6-3.9 = 2.1V. Vbc 
= 0.6V, so the voltage across R2 = 3.9 - 0.6 = 
3.3V Current through R2 = 3.3/330 = 0.01A, 
or 10mA. Maximum load for lOmA = voltage 
across R1/current = 2.1/0.002 = 210 ohms. 


Investigation 4, The needle moves slowly 
up, gradually moving more slowly up to the 
peak value (about 4V), corresponding to the 
peak point. Then it flicks rapidly down to 
about 2V, the valley point. The movement of 
the needle indicates the waveform at point B, 
Fig. 21, as illustrated in Fig. 32b. Increasing 
VRI makes the circuit oscillate more slowly, 
because the reduced charging current takes 
longer to charge the capacitor; decreasing 
VRI makes it oscillate faster. 

The led glows steadily, owing to the 
continuous current passing through R2 and 
TR1, but flashes every time the capacitor is 


discharged. This corresponds with — the 
waveform at point A, Fig. 21, illustrated in 
Fig. 32a. 

Investigation 5. The frequency of 


oscillation and hence the pitch of the note 
increases as VR1 is reduced. C1 is smaller so 
that it will charge more rapidly and thus 
produce a note of hither (ie, audio) frequency. 
R3 is needed to ‘turn a current into a voltage’. 
Every time a pulse of current flows from bl, a 
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pd is generated across R3, Thus the potential 


r 

of bl is briefly raised. The positive-going Fig. 32. Waveform of 

edge is transmitted through the capacitor, the UJT oscillator. 

causing a pulse of current to flow through the “+ . : 

earphone, eo 
Investigation 6, The needle moves up the 

scale at a constant rate. This shows that the BN 

capacitor is charging at a constant rate owing T 

to the constant charging current. The -—-PaNnr” 

waveform at A is a sawtooth waveform, as in emmy ME 


Fig. 33. The steadily increasing voltage is 
called a ramp and has many uses, particularly Fig. 33. Output of the UJT 
in measuring and timing circuits. oscillator with constant 
current source (ramp 
generator). 


NEXT MONTH We introduce _ the 
workhouse of the analogue world, the 
operational amplifier. 
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t's nice to see that the ancient art of lens 

grinding is keeping right up to date. When 

I went to get a new pair of spectacles 
recently I discovered that my local opticians 
use data communications to send their lens 
prescriptions directly to an automatic lens 
grinding and polishing machine in their main 
factory. Here the coded data electronically sets 
up the machine to produce the specified lenses 
from optical blanks. The system almost 
eliminates paper-work, 


EXCHANGES 


There’s likely to be more of this kind of 
thing in all branches of industry when the UK 
goes into the exchange rate mechanism (ERM) 
of the European Monetary System. It now 
seems probable that we shall in fact join the 
ERM, despite the Prime Minister's worries 
about sovereignty. The economic arguments in 
favour look pretty strong. At the time of 
writing Britain is one of only three EC 


DEMANDING IT 


There’s another reason why the UK 
electronics industry should benefit from Britain’s 
entry into the ERM. It’s likely that ERM 
participation will bring an increased demand 
from all sectors of British industry for more 
automation and IT systems - which will include 
electronic products for measurement, control, 
information processing and data 
communications. 

Experience from France shows that entry into 
the ERM imposes a discipline on manufacturing 
industry to make it operate more efficiently. With 
a floating exchange rate, as in the UK at present, 
there is a tendency for manufacturing 
inefficiency to be masked by compensatory 
adjustments in the exchange rate. 

Inadequacies such as poor organization, low 
productivity and high labour costs result in 
increased unit costs and higher prices for 
products. These inflationary economic 
conditions tend to devalue the currency and 


A BOOST FROM THE ERM? 


countries which have not yet joined. The 
currencies of the other nine are all participating 
in it. 

How, then, could the ERM benefit the UK's 
electronics industry? And what has industrial 
automation got to do with it? 

In the ERM, which was started in 1979, the 
EC member countries agree to keep their 
currencies in almost fixed relationship to each 
other. Each currency has a central fixed rate 
defined in terms of the European Currency 
Unit (ECU). In practice the rate is allowed to 
fluctuate slightly by up to 2.25% either side of 
this central ECU reference (except for Spain’s 
peseta, which has a tolerance of + 6%), 

Control is achieved by the central banks 
buying and selling currencies. This results in 
what is called a parity grid - a set of bilateral 
exchange relationships - so that all the 
currencies move together as a bloc. They vary 
very littke among themselves or against the 
ECU. 


ELECTRONIC BENEFITS 


First, the UK electronics industry should 
benefit from this system because companies 
would be able to plan their EEC export/import 
trading with much greater confidence. The 
return on long-term investment and the results 
of decisions - say on product development or 
marketing - would be much more predictable. 

The prices at which firms could expect to 
sell products in the EEC, and the cost of the 
materials, components, machines, etc, they 
import from EEC suppliers, would be known in 
advance with considerably greater accuracy. 
These prices would not be subject to 
unpredictable variations as they are with the 
present floating exchange rate of the pound 
sterling relative to other EC currencies. As 
things stand, UK electronics manufacturers are 
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Entry into the ERM 
should enable the UK 
electronics industry to 
be more competitive 
and efficient. 


tending to set artificially high prices as a hedge 
against unexpected swings in the exchange 
rate, and this of course makes the products 
uncompetitive in EEC markets. 

So overall the electronics industry should 
benefit by becoming more efficient - through 
better management decisions based on 
predictable and consistent trading conditions - 
and more competitive in selling its products in 
EEC countries. Its trade deficit might be 
reduced. 

Of course, the electronics industry also 
trades with other parts of the world. But, in 
common with UK industry generally, it is doing 
more and more business with the EC as time 
goes on. Gordon Gaddes, the director general 
of the trade association BEAMA (British 
Electrical & Allied Manufacturers’ 
Association) recently told me_ that 
approximately a half of the total exports from 
his member companies now go to West 
European countries and over a half of these 
firms’ imports come from the same area. In UK 
world trade generally, British exports to EEC 
countries have risen from 37% in 1978 to 50% 
in 1989. 

So, with Britain’s economy getting 
increasingly locked into the EEC, it becomes 
more and more important that we should get rid 
of the disadvantages resulting from a floating 
exchange rate. 


lower the exchange rate. Consequently the 
products, although manufactured inefficiently, 
become cheaper to other countries and therefore 
more competitive in these markets, 

Although this compensatory process keeps 
Britain’s trade going, the domestic penalty we 
have to pay for it is a large trade deficit, high 
inflation and high interest rates, 


EFFICIENCY 


Entry into the ERM will prevent the 
exchange rate of the pound sterling from falling 
relative to EEC currencies and the compensatory 
price adjustment described above won't happen. 
Consequently the export prices of British 
products will reflect the relatively high true cost 
of production and they will no longer be 
competitive in EEC markets. 

So, to keep their product prices down and still 
maintain their profit margins, the only recourse 
of British manufacturers will be to operate more 
efficiently and reduce production costs. There 
are various ways of doing this but one of them is 
a greater investment in automation. 

In general automation increases the 
productivity (output : input ratio) of labour, 
capital equipment, or materials consumption. For 
decades its techniques have been going more 
electronic, In terms of equipment this means a 
greater demand for measuring instruments and 
machines, process controllers, numerically- 
controlled machine-tools, robots with vision 
systems, on-line computers and microcontrollers, 
local-area networks and the kind of computer 
integrated manufacturing systems (outlined in 
the August 1989 issues, p.57) that save time and 
materials. 

The social problem with automation is that it 
undermines certain traditional human skills in 
industry while demanding new skills to ensure 


that it works properly. PE | 


37 


PE PCB SERVICE 


IT IS EASY TO BUILD 
PRACTICAL ELECTRONICS PROJECTS! 


Simplify your project assembly - use a ready-made printed circuit 
board. All are fully drilled and roller tinned. Just slot in the components 
as shown in the project texts, and solder them. PCBs are the 
professional route to project perfection. 


MAIL ORDERIN 


Select the boards you want, and send your order to: PE PCB 
SERVICE, PRACTICAL ELECTRONICS, 193 UXBRIDGE ROAD, 
LONDON W12 9RA. 


Prices include VAT and postage and packing. Add £2 per board for 
overseas airmail. Cheques should be made payable to Intra Press 
(Payments by Access and Visa also accepted). Quote the project name 
and PCB Code Number, and print your name and address in Block 
Capitals. Do not send any other correspondence with your order. 


TELEPHONE ORDERS 


Use your Access or Visa card and phone your order to 081-743-8888 
clearly stating your name and address, card number and order details. 
All orders receive priority attention. Many PCBs are held in stock, so 
they are dispatched within a few days, but please still allow 28 days 
for delivery in case a PCB is temporarily out of stock. 


We can only supply the PCBs listed here! Please always check the 
latest issue of PE before ordering. 


We can also supply the photocopies of the text at £1.50 for each 
project part inclusive of postage and packing ( overseas £2.00). 


Please note that we do not supply components - they can be ordered 
from our advertisers! 


NOV 87 

MIDI EXPANDER - Music Interface 159 £5.04 
DEC 87 

RS 232C TO MIDI 160 £6.43 
FEB 88 

DC MOTOR SERVO 165 £7.53 
MAR 88 

APPLIANCE TIMER 166A/B £9.38 
LOGIC ANALYSER - Double-sided 168 £20.65 
APR 88 

LIGHT METAL EFFECTS 169 £7.10 
JUNE 88 

AMSTRAD ROM EXPANSION 173 £12.60 
MAINS MODEM 174 £4.90 
AUG 88 

SPEAKING CLOCK 176 £16.75 
SEPT 88 

BBC MULTIPLEXER 177 £4.50 
OCT 88 

METAL DETECTOR 178 £6.50 
DEC 88 

PANNING MIXER 181 £7.80 
MAR 89 

CAMERA SHUTTER TIMER 187 £9.95 
APR 89 

PC MULTIPORT 188A/B £20.55 
MAY 89 

KIRLIAN CAMERA 189A/C £10.50 
JUNE 89 

DELUXE METRONOME 198 £10.95 
JULY 89 

PROJECTOR SYNCHRONISER 190A £9.50 


60 


SEP 89 


FREQUENCY COUNTER-GENERATOR 


OCT 89 

HOME SECURITY CONTROLLER 
DEC 89 

VIDEO AGC STABILISER 

ECHO STATION 

MINI METRONOME 

JAN 90 

BARGRAPH TACHOMETER 


EEPROM PROGRAMMER (KEYBOARD VER) 


FEB 90 


EEPROM PROGRAMMER (SWITCH VERSION) 


MODEM 

MOCK STEREO 

MAR 90 

RADIO CLOCK (TUNER AND PULSE) 

APR 90 

RADIO CLOCK (DISPLAY DECODER) 

PC/INTERFACE 

MAY 90 

EPROM POLY-PROG (MAIN PCB) 

JUNE 90 

EPROM POLY-PROG (TOP PCB) 

MESSAGE MAKER 

BAUD RATE CONVERTER 

INTERMITTENT WIPER 

CIRCUIT BREAKER 

JULY 90 

MORSE DECODER 

AUG 90 

SCOPE EXPANDER 

VOLTAGE PROBE 

AF OCTAVE MEASURER: 
FILTER DRIVE 
ANALOGUE FILTER 

SEP 90 

AF OCTAVE MEASURER 
AMPLIFIER 
SWITCHED FILTER 


SWITCHED FILTER DRIVE 


TELE-SCOPE — MAIN PCB 

OCT 90 

TELE-SCOPE — SIGNAL PCB 
TV INTERFACE 

CHIPTESTER 


210 
211 

212 
213 
214 
215 
216 


217 
218 


219 


221 


£12.50 


£19.50 


£6.50 
£11.50 
£5.90 


£5.90 
£14.50 


£4.90 
£11.50 
£4.90 


£6.50 


£13.50 
£5.90 


£8.50 


£7.50 
£9.50 
£4.90 
£3.90 
£4.90 


£9.50 


£9.50 
£5,80 


£6.60 
£7.35 


PE PCBs are the professional route 
to project perfection! 
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